om CYPRESS 


=e” EMBEDDED IN TOMORROW™ 


F°MC-16FX 16-Bit Microcontroller 


i Pedelepfelemey- 1a (=m a tlaeh clase tclalecl 


Doc. No. 002-19737 Rev. ** 


Cypress Semiconductor 
198 Champion Court 

San Jose, CA 95134-1709 
www.cypress.com 


SCYPRESS 


Copyrights “am «= EMBEDDED IN TOMORROW 


Copyrighis 


© Cypress Semiconductor Corporation, 2006-2017. This document is the property of Cypress Semiconductor Corporation 
and its subsidiaries, including Spansion LLC ("Cypress"). This document, including any software or firmware included or ref- 
erenced in this document ("Software"), is owned by Cypress under the intellectual property laws and treaties of the United 
States and other countries worldwide. Cypress reserves all rights under such laws and treaties and does not, except as spe- 
cifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other intellectual property 
rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with 
Cypress governing the use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable 
license (without the right to sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code 
form, to modify and reproduce the Software solely for use with Cypress hardware products, only internally within your organi- 
zation, and (b) to distribute the Software in binary code form externally to end users (either directly or indirectly through 
resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress's patents 
that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software 
solely for use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation of the 
Software is prohibited. 


TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR 
IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING, 
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR- 
POSE. To the extent permitted by applicable law, Cypress reserves the right to make changes to this document without fur- 
ther notice. Cypress does not assume any liability arising out of the application or use of any product or circuit described in 
this document. Any information provided in this document, including any sample design information or programming code, is 
provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test 
the functionality and safety of any application made of this information and any resulting product. Cypress products are not 
designed, intended, or authorized for use as critical components in systems designed or intended for the operation of weap- 
ons, weapons systems, nuclear installations, life-support devices or systems, other medical devices or systems (including 
resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other uses where 
the failure of the device or system could cause personal injury, death, or property damage ("Unintended Uses"). A critical 
component is any component of a device or system whose failure to perform can be reasonably expected to cause the failure 
of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and 
hereby do release Cypress from any claim, damage, or other liability arising from or related to all Unintended Uses of Cypress 
products. You shall indemnify and hold Cypress harmless from and against all claims, costs, damages, and other liabilities, 
including claims for personal injury or death, arising from or related to any Unintended Uses of Cypress products. 


Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F- 
RAM, and Traveo are trademarks or registered trademarks of Cypress in the United States and other countries. For a more 
complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their respec- 
tive owners. 


2 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sue CYPRESS 


“agg” «=: EMBEDDED IN TOMORROW” 


The information for microcontroller supports is shown in the following website. 
Be sure to refer to the "Check Sheet" for the latest cautions on development. 


See "Check Sheet" at the following support page "Check Sheet" lists the minimal requirement items to be 
checked to prevent problems beforehand in system development.. 


URL: http://www.cypress.com/support/ 


1. Objectives and intended reader 
Thank you very much for your continued patronage of Cypress products. 


The MB96300 Super series has been developed as a general-purpose version of the F°MC-16FX series, which is an original 
16-bit single-chip microcontroller compatible with the Application Specific IC (ASIC). 


This manual explains the functions and operation of the MB96300 Super series for designers who actually use the MB96300 
Super series to design products. Please read this manual first. 


2. Structure of this manual 
1. Overview 


The MB96300 Super series is a family member of the F°-MC-16FX micro controllers. It consist of many different series 
of microcontrollers, which are targetting different applications. Programming between all members of the Super 
series is common. 


2. CPU 

This chapter explains the CPU. 

3. Interrupts 

This chapter explains the interrupt functions and operations. 

4. DMA 

This chapter explains the DMA functions and operations. 

5. Delayed Interrupt 

This chapter explains the functions and operations of the delayed interrupt. 
6. Clocks 

This chapter describes the clocks used by F2MC-16FX family micro controllers. 
7. Clock Modulator 


This chapter provides an overview of the Clock Modulator and its features. It describes the register structure and 
operation of the Clock Modulator. 


8. Resets and Startup 
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This chapter describes the resets and the startup of for the F2MC-16FX family microcontrollers. 
9. Standby Mode and Voltage Regulator Control Circuit 


This chapter explains the functions and operations of the standby mode control circuit and the control of the inter- 
nal voltage regulator. The regulator control can be used to optimize power consumption, especially in standby 
modes. 


10. Source Clock Timers 


This chapter explains the functions and operations of the three source clock timers (RC clock timer, Main clock timer 
and Sub clock timer). 


11. Watchdog Timer and Watchdog Reset 

This chapter explains the functions and operations of the Watchdog timer and reset. 
12. External Bus Interface 

This chapter explains the functions and operations of the external bus interface. 
13. I/O Ports 

This chapter explains the functions and operations of the I/O ports. 

14. 16-Bit I/O Timer 

This chapter explains the functions and operations of the 16-bit I/O Timer. 

15. 16-Bit Reload Timer (With Event Count Function) 

This chapter explains the functions and operations of the 16-bit Reload Timer (with the Event Count Function). 
16. Programmable Pulse Generator 

This chapter explains the functions and operations of the Programmable Pulse Generator. 
17. External Interrupts 

This chapter explains the functions and operations of the External Interrupts. 

18. A/D Converter 

This chapter explains the function and operation of the A/D converter. 

19. Alarm Comparator 

This chapter explains the functions and operations of the Alarm Comparator. 

20. USART 

This chapter explains the functions and operation of the LIN USART. 

21. 400 kHz I2C Interface 

This section describes the functions and operation of the fast I2C interface. 

22. CAN Controller 

This chapter explains the functions and operations of the CAN controller. 

23. Clock Output Function 

This chapter describes the functions and operations of the clock output function. 
24. Real Time Clock 

This chapter explains the functions and operations of the Real Time Clock. 

25. Clock Calibration Unit 

This chapter explains the functions and operation of the Clock Calibration Unit 
26. LCD Controller/Driver 
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This chapter describes the functions and operations of the LCD Controller/Driver. 
27. Stepper Motor Controller 

This chapter explains the functions and operations of the stepper motor controller. 
28. Sound Generator 

This chapter explains the functions and operations of the sound generator. 

29. USB Function 

This chapter explains the functions and operation of the USB Function. 

30. USB Mini-Host 

This chapter describes the functions and operations of USB Mini-host. 

31. Memory Patch Function 


This chapter explains the memory patch function and how the data patch or a debug function can be realised with 
that. 


32. ROM/RAM Mirroring Module 

This chapter explains the ROM mirroring module. 

33. Flash Memory 

This chapter explains the functions and operation of the flash memory. 

34. Mask-ROM Memory 

This chapter explains the functions and operation of the Mask-ROM memory. 
35. ROM/Flash Security 

This chapter explains the functions and operation of the ROM/Flash security. 
36. Examples of Serial Programming Connection 


This chapter describes how to connect the MCU for in-circuit serial programming of the Flash memory. 
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The MB96300 Super series is a family member of the F°MC-16FX micro controllers. It consist of many different series of 
microcontrollers, which are targetting different applications. Programming between all members of the Super series is com- 
mon. 


1.1 Features 


The feature set of F7MC-16FX family’s MB96300 Super series makes it especially well suited for automotive applications. 


1.1 Features 


1 
m 16-bit core CPU, up to 56 MHz CPU clock, 17.9 ns instruction cycle time 
m 0.18um CMOS Process Technology 

7 


Optimized instruction set for controller applications (bit, byte, word and long-word data types; 23 different addressing 
modes; barrel shift; variety of pointers) 


8-byte instruction execution queue 

Signed multiply (16 bit 1 16 bit) and divide (32 bit/16 bit) instructions available 

Internal voltage regulator supports reduced internal MCU voltage, offering low EMI and low power consumption figures 
Code Security Feature 

Up to 5 FULL-CAN interfaces; conforming to Version 2.0 Part A and Part B, |S016845 certified 

Powerful interrupt functions (8 progr. priority levels; up to 16 external interrupts) 

Fast Interrupt processing 

Up to 16 channels DMA - Automatic transfer function independent of CPU, can be assigned freely to resources 
Three independent clock timers (23-bit RC clock timer, 23-bit Main clock timer, 17-bit Sub clock timer) 
Watchdog Timer 

Up to 10 channels full duplex USARTs (SCI/LIN) 

Up to 2 channels I2C with 400 kbit/s 

USB function (correspond to USB Full Speed) and USB Mini-Host with up to 6 endpoints 

Up to 40 channels analog inputs for A/D Converter (Resolution 10 bits or 8 bits) 

Up to 6 channels16-bit reload timer 

Up to 12 channels ICU (Input capture unit) 16 bit 

Up to 12 channels OCU (Output compare unit) 16 bit 

Up to 4 channels 16-bit free running timer 


Up to 20 channels (1 16-bit Programmable Pulse Generator 
Up to 6 channels Stepper Motor Controller with integrated high current output drivers 


LCD controller with up to 4 COM () 72 SEG, internal or external voltage generation 


Memory Patch Function, can also be used to implement embedded debug support 
Low Power Consumption - 13 operating modes (different Run, Sleep, Timer modes, Stop mode) 


3-16 MHz external clock (3.5-56 MHz when using Fast Clock Input mode), on-chip PLL with programmable multiplication 
factor 1... 16 
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m 32 kHz Subsystem Clock 
m= 100kHzZ/2MHz internal RC clock 


m External bus interface with up to 6 Chip select signals, 8bit or 16bit data, 24bit address, multiplexed or non-multiplexed, 
programmable timing 


Up to 2 channels Alarm comparators 

Programmable input levels (Automotive / CMOS-Schmitt trigger / TTL) for all ports 
Programmable Pull-up resistors for all ports 

Programmable output driving strength for EMI optimization 

Package : 48-pin / 64-pin / 80-pin / 100-pin / 120-pin / 144-pin plastic QFP and LQFP 
Controller Area Network (CAN) - License of Robert Bosch GmbH 


1.2 Super Series Lineup 


Table 1-1 provides an overview of the MB96300 Super series. 


1.2.1 Super Series Lineup 
The F°MC-16FX MB96300 Super series covers the F°MC-16FX series as shown in table 1.2-1. 
Table 1-1. MB96300 Super Series Lineup 


Mask ROM 


| MB96310 | MBg6F31x | | MBg631x | 


MB96320 MB96F32x MB9632x 
MB96330 MB96F33x MB9633x 


1.3 Block Diagram of MB96V300B 


Figure 1-1 shows the block diagram of MB96V300B. 
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1.3.1 Block Diagram of MB96V300B 
Figure 1-1. Block Diagram of MB96V300B 


ADOO ... AD15 

A00 ... A23 CKOTO(_R) ... CKOT1(_R) 

pox CKOTXO ... CKOTX1(_R) 

WALK, WRHX xO, X1 

HR XOA, X1A 

ROY NMI, NMI_R_ |Debug Support gies MDO...MD2 
K ; _ Unit Interface infcrace 

LBX, UBX 

CSO0(_R)...CS5(_R) y 


External Bus 16FX Interrupt Memory Patch Clock & 
Interface CPU Controller 92kB RAM Unit Mode Controller 


16FX Core Bus (CLKB) 


DMA Peripheral Peripheral Peripheral Voltage 
Controller Watchdog Bus Bridge Bus Bridge Bus Bridge Boot ROM Regulator 
oO 
a 
1 t 
2 ch. <> oo Vss 
SCLO...SCL1 ~tt> a fs lw C 
oo Sg 
e a 
AVcc oS <> UDP 
AVeg | al 2)e>| uses > UM 
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TINO_R ... TIN3_R Oo He Interface 


Timer <p | 
TOTO... TOT5, —— 6 ch. 


TOTO_R... TOT3_R 


Sound SGOO0(_R) ... SGO1(_R) 


<i) Generator 


L$ > 

TINO ... TINS —B&| 16-bit Reload 5 ch. jag— RXO...RX4, RX2_R 
—_ 
L$ > 


FRCKO(_R) — I/O Timer 0 


2 ch. SGAO(_R) ... SGA1(_R) 


INO(_R) ... IN3(_R)—3) ICU 0/1/2/3 ~<H| 


o 
M 
‘coal 
oO 
OUTO(_R) ... OUT3_R) LOGY O1/2/3 _| 2 UsaRT |< SINO... SIN9, SIN2_R, SIN7_R... SIN9_R 
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IN4(_R) ... IN7(_R}—B] ICU 4/5/67 +8] © 
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f Real Time USB is not available on MB96V300RB, 
cea cies Ht) Clock > WOT  \B96V300BRB, and MB96V300CRB. 
Please refer to the datasheet of your 


device. 
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1.4 General Note on Using This Document 


This chapter contains some general notes about this document. 


1.4.1 Device Dependent Resources 

The derivatives of a Microcontroller series may have different sets of resources (e.g. features, number of channels, intercon- 
nections). Details about an individual device can be found in the following documents: 

m Number of resources and available channels: Datasheet of the series. 


m= Peculiarities of a resource in a derivative (e.g. interconnections between resources): Chapter "Overview" in the Hardware 
manual of the series. 


1.4.2 Described Resources 


All chapters about resources of the Microcontroller like USART, Reload timers, General purpose ports describe the function of 
only one channel of this resource. The behavior of all other resources of the same type is the same. If there is an exception it 
is described in the Chapter "Overview" or in the corresponding chapter of this Hardware manual. 


In the Hardware manual chapters the placeholder ’n’ is used for a resource channel number (e.g. in the register name). This 
placeholder needs to be replaced with the resource channel number of the resource to be used. 


Table 1-2. Example: Registers of Reload Timer 0 and Reload Timer 1 


Register Name as in the Chapter | Register Name Define in Header | Register Name Define in Header 
"Reload Timer" File for Reload Timer 0 File for Reload Timer 1 

TMCSRHn TMCSRHO TMCSRH1 

TMCSRLn TMRLO TMRL1 


1.5 16-bit I/O-Timer Configuration 


The number of available Free Running timers, Input Capture Units and Output Compare Units differs between different 
devices. Multiple Input Capture Units and Output Compare Units are connected to one Free Running timer. This chapter 
describes the relation between these modules. 


125.1 Connection between Input Capture Units and Free Running Timers 


Table 1-3. Connection between Input Capture Units and Free Running Timers 


Free Running Timer Input Capture Unit 
FRT 0 ICU 0/1/2/3 


FRT 1 ICU 4/5/6/7 
FRT 2 ICU 8/9 
FRT 3 ICU 10/11 


Table 1-3 shows the connection between Input Capture Units and Free Running Timers. For the availability of resource chan- 
nels please refer to the datasheet of the used device. 
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1.5.2 Connection between Output Compare Units and Free Running Timers 


Table 1-4. Connection between Output Compare Units and Free Running Timers 


Free Running Timer Output Compare Unit 
FRT O OCU 0/1/2/3 
FRT 1 OCU 4/5/6/7 


FRT 2 OCU 8/9 
FRT 3 OCU 10/11 


Table 1-4 shows the connection between Output Compare Units and Free Running Timers. For the availability of resource 
channels please refer to the datasheet of the used device. 


15.8 Relation between Timer Clear Function and OCU, Compare Clear and Free 
Running Timer 


Table 1-5. Connection between OCU, Compare clear and Free running timer for timer clear 


____Free running timer __|_ Timer is cleared at match with following compare register | Note 
Co: 
a Ca 


Compare function of OCCPx is enabled by OCS:CST[1:0] bits. 


1.6 Input Capture Unit Source Select for LIN-USART 


The input source for the Input Capture units can be selected between an external pin (INn) and the LIN-USART Sync Field 
output. This chapter describes how to select the Input capture input and which LIN-USART can be connected to which ICU. 


16.4 Overview of Connection between LIN-USART and ICU 
Table 1-6. Connection between LIN-USARTs and ICUs 


Free running ICU source select 


USARTO ICUO a ICUSO 
FRTO 
USART1 ICU1 FICEOt:IcUst ICUS1 


eres ICUS6 
FRTI peeericegy ICUS? 


USART4 ICU4 

USART5 ICUS 

USART6 ICU8 i as ICUS8 
FRT2 


joerc _ ICUS4 
ICE45ICUSS ICUS5 


USART7 ICUS |ICEg9:IcUso ICUS9 

USART8 ICU10 Cr aa :ICUS10 
FRT3 

USART9 ICU11 ICE1011:ICUS11 ICUS11 


Note: For availabilty of the required USART, Input capture unit and Free running timer channels please refer for the datasheet 
of your device. 
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1.6.2 Input Capture Unit Source Select 
The source selection for ICU is done in the Input capture edge registers ICExy. 


Figure 1-2. Input Capture Edge Register ICE01 


Initial value 


Address: XXX0X0008 


000041), 


IEIO Input capture valid edge indication bit for ICUO 


0 falling edge detected 
1 


rising edge detected 


bit9 


IE Input capture valid edge indication bit for ICU1 


0 falling edge detected 
1 


rising edge detected 


bit10 


ICUSO Input capture source select for ICUO 


0 The external pin INO is input source 
1 


USARTO is input source 


bit11 


= reserved bit 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


bit12 


ICUS1 Input capture source select for ICU1 
0 The external pin IN1 is input source 
1 USART1 is input source 


bit13-15 


- reserved bit 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


Xx : undefined value 
R/W : readable and writable 
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Figure 1-3. Input Capture Edge Register ICE45 
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R/W 
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00004d,, 


13 


12 


R/W 


11 


10 9 8 


R/W R/W R/W 


: undefined value 
: readable and writable 


Initial value 
XXX0X0008 


bit8 


IEI4 Input capture valid edge indication bit for ICU4 


0 falling edge detected 
1 


rising edge detected 


bit9 


IEI5 Input capture valid edge indication bit for ICUS 


0 falling edge detected 
1 rising edge detected 


bit10 


bit11 


- reserved bit 


bit12 


ICUS4 Input capture source select for ICU4 
0 The external pin IN4 is input source 
1 USART4 is input source 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


ICUS5 Input capture source select for ICU5 


0 The external pin IN5 is input source 
1 USARTS is input source 


bit13-15 


read value is undefined, write always 0, 


read-modify-write instructions are not affected 
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Figure 1-4. Input Capture Edge Register ICE67 


15 14 13 12 #11 #10 9 8 Initial value 


Address: XXX0X0008 


000053, 


IEI6 Input capture valid edge indication bit for ICU6 


0 falling edge detected 
1 


rising edge detected 


bit9 


IEI7 Input capture valid edge indication bit for ICU7 


0 falling edge detected 
1 


rising edge detected 


bit10 


ICUS6 Input capture source select for ICU6 
0 The external pin IN6 is input source 
1 USART2 is input source 


bit11 


- reserved bit 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


bit12 


ICUS7 Input capture source select for ICU7 


0 The external pin IN7 is input source 
1 


USARTS is input source 


bit13-15 


read value is undefined, write always 0, 


read-modify-write instructions are not affected 


Xx : undefined value 
R/W : readable and writable 
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Figure 1-5. Input Capture Edge Register ICE89 
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R/W 
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000515, 


13 


12 


R/W 


11 


10 9 8 


R/W R/W R/W 


: undefined value 
: readable and writable 


Initial value 
XXX0X0008 


bit8 


IEI8 Input capture valid edge indication bit for ICU8 


0 falling edge detected 
1 


rising edge detected 


bit9 


IEI9 Input capture valid edge indication bit for ICU9 


0 falling edge detected 
1 rising edge detected 


bit10 


bit11 


- reserved bit 


bit12 


ICUS8 Input capture source select for ICU8 
0 The external pin IN8 is input source 
1 USARTE is input source 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


ICUS9 Input capture source select for ICU9 


0 The external pin INQ is input source 
1 USART7 is input source 


bit13-15 


read value is undefined, write always 0, 


read-modify-write instructions are not affected 
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Figure 1-6. Input Capture Edge Register ICE1011 


15 14 13 12 #11 #10 9 8 Initial value 


Address: XXX0X0008 


00051by 


falling edge detected 
rising edge detected 


IEI11 Input capture valid edge indication bit for |CU11 


0 falling edge detected 
1 


rising edge detected 


bit10 


ICUS10 Input capture source select for |CU10 
0 The external pin IN10 is input source 
1 USARTS is input source 


bit11 


- reserved bit 


read value is undefined, write always 0, 
read-modify-write instructions are not affected 


bit12 


ICUS11 Input capture source select for ICU11 


0 The external pin IN11 is input source 
1 


USARTS is input source 


bit13-15 


read value is undefined, write always 0, 


read-modify-write instructions are not affected 


Xx : undefined value 
R/W : readable and writable 
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1.7 Peripheral Resource Pin Relocation 


The input or output pin of some resources can be relocated. The location of these resource pins is defined by the peripheral 
resource pin relocation registers PRRRO to PRRR13. 


1.7.1 Overview of the Peripheral Resource Relocation Register 


Table 1-7. Peripheral Resource Pin Relocation Register (PRRRO to PRRR13) 


Availability of resource relocation pins 


If a resource relocation pin is not available on the device, the corresponding bit must be treated as undefined bit. Hence the 
read value of this bit is undefined,’0’ must always be written to this bit and read modify write instructions on the register are 
not affected by this bit. 


See the data sheet for the availability of resource relocation pins. 
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Peripheral Resource Relocation Register 0 (PRRRO) 


Figure 1-7. Peripheral Resource Relocation Register 0 (PRRRO) 


X 
R/W 


34 


Address: 
0004d6,, 


5 4 8 2 
INT5_R | INT4_R| INTS_R| INT2_R 


0 
INTO_R 


R/W R/W R/W R/W R/W RIW R/W R/W 


bitd 


Initial value 
00000000, 


bit1 


INTO_R External Interrupt 0 input relocation bit 
0 Pin INTO is used as input pin 
1 Pin INTO_R is used as input pin 


INT1_R External Interrupt 1 input relocation bit 


bit2 


0 Pin INT1 is used as input pin 
1 Pin INT1_R is used as input pin 


bit3 


INT2_R External Interrupt 2 input relocation bit 
0 Pin INT2 is used as input pin 
1 Pin INT2_R is used as input pin 


INT3_R External Interrupt 3 input relocation bit 


bit4 


0 Pin INT3 is used as input pin 
1 Pin INT3_R is used as input pin 


INT4_R External Interrupt 4 input relocation bit 


bitS 


0 Pin INT4 is used as input pin 
1 Pin INT4_R is used as input pin 


bité 


: undefined value 
: readable and writable 


bit7 


INT5_R External Interrupt 5 input relocation bit 
0 Pin INT5 is used as input pin 
1 Pin INT5_R is used as input pin 


INT6_R External Interrupt 6 input relocation bit 
0 Pin INT6 is used as input pin 
1 Pin INT6_R is used as input pin 


INT7_R External Interrupt 7 input relocation bit 
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Peripheral Resource Relocation Register 1 (PRRR1) 


Overview 


Figure 1-8. Peripheral Resource Relocation Register 1 (PRRR1) 


X 
R/W 


Address: 
0004d7, 


10 


9 8 


R/W R/W R/W R/W R/W RIW R/W R/W 


bit8 


bit9 


INT8_R External Interrupt 8 input relocation bit 
0 Pin INT8 is used as input pin 
1 Pin INT8_R is used as input pin 


INT9_R External Interrupt 9 input relocation bit 


Initial value 
00000000, 


bit10 


0 Pin INT9 is used as input pin 
1 Pin INT9_R is used as input pin 


bit11 


INT10_RI External Interrupt 10 input relocation bit 
0 Pin INT10 is used as input pin 
1 Pin INT10_R is used as input pin 


INT11_ RI External Interrupt 11 input relocation bit 


bit12 


0 Pin INT11 is used as input pin 
1 Pin INT11_R is used as input pin 


INT12_RI External Interrupt 12 input relocation bit 


bit13 


0 Pin INT12 is used as input pin 
1 Pin INT12_R is used as input pin 


bit14 


: undefined value 
: readable and writable 


bit15 


INT13_ RI External Interrupt 13 input relocation bit 
0 Pin INT13 is used as input pin 
1 Pin INT13_R is used as input pin 


INT14_ RI External Interrupt 14 input relocation bit 
0 Pin INT14 is used as input pin 
1 Pin INT14_R is used as input pin 


INT15_ RI External Interrupt 15 input relocation bit 
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0 Pin INT15 is used as input pin 
1 Pin INT15_R is used as input pin 
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1.7.4 Peripheral Resource Relocation Register 2 (PRRR2) 
Figure 1-9. Peripheral Resource Relocation Register 2 (PRRR2) 


Initial value 
Address: 00000000, 


0004d8,, 


R/W R/W R/W RIW R/W RW R/W R/W 


bitO 


PPGO_R PPG 0 output relocation bit 
0 Pin PPGO is used as output pin 
1 Pin PPGO_R is used as output pin 


bit1 
PPG1_R PPG 1 output relocation bit 
0 Pin PPG1 is used as output pin 
1 Pin PPG1_R is used as output pin 
bit2 


PPG2_R PPG 2 output relocation bit 
0 Pin PPG2 is used as output pin 
1 Pin PPG2_R is used as output pin 


bit3 


PPG3_R PPG 3 output relocation bit 
0 
1 


Pin PPG@ is used as output pin 
Pin PPG3_R is used as output pin 


bit4 


PPG4_R PPG 4 output relocation bit 


0 Pin PPG4 is used as output pin 
1 


Pin PPG4_R is used as output pin 
bitS 
PPG5_R PPG 5 output relocation bit 
0 Pin PPG85 is used as output pin 
1 Pin PPG5_R is used as output pin 
bit6 


PPG6_R PPG 6 output relocation bit 
0 Pin PPG6 is used as output pin 
1 Pin PPG6_R is used as output pin 


bit7 


PPG7_R PPG 7 output relocation bit 


0 Pin PPG7 is used as output pin 
1 


Pin PPG7_R is used as output pin 


Xx : undefined value 
R/W : readable and writable 
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bit8 


bit9 


TINO_R Reload timer 0 input relocation bit 
0 Pin TINO is used as input pin 
1 Pin TINO_R is used as input pin 


TOTO_R Reload timer 0 output relocation bit 


Initial value 
00000000, 


bit10 


0 Pin TOTO is used as output pin 
1 Pin TOTO_R is used as output pin 


bit11 


TOT1_R Reload timer 1 output relocation bit 


TIN1_R Reload timer 1 input relocation bit 


0 Pin TIN1 is used as input pin 
1 Pin TIN1_R is used as input pin 


0 Pin TOT1 is used as output pin 
1 Pin TOT1_R is used as output pin 


bit12 


TIN2_R Reload timer 2 input relocation bit 


0 Pin TIN2 is used as input pin 
1 Pin TIN2_R is used as input pin 


bit13 


TOT2_R Reload timer 2 output relocation bit 


0 Pin TOT2 is used as output pin 
1 Pin TOT2_R is used as output pin 


bit14 


TIN3_R Reload timer 3 input relocation bit 
0 Pin TINS is used as input pin 
1 Pin TIN3_R is used as input pin 


bit15 


TOT3_R Reload timer 3 output relocation bit 


0 


Pin TOTS is used as output pin 


1 


Pin TOT3_R is used as output pin 


1.75 Peripheral Resource Relocation Register 3 (PRRR3) 
Figure 1-10. Peripheral Resource Relocation Register 3 (PRRR3) 
14 13 12 11 10 9 8 
naioss fon ofofae 
0004d9, 
RW RW RW RW RW RW RIW RW 
X : undefined value 
R/W : readable and writable 
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1.7.6 
Figure 1-11. Peripheral Resource Relocation Register 4 (PRRR4) 


Peripheral Resource Relocation Register 4 (PRRR4) 


PE 
ws 
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X 
R/W 


Address: 
0004day 


7 6 5 4 3 
raf Perlman 


R/W R/W R/W RW R/W RW R/W R/W 


: undefined value 


: readable and writable 


bitO 


INO_R Input capture 0 input relocation bit 
0 Pin INO is used as input pin 
1 Pin INO_R is used as input pin 


bit1 


IN1_R Input capture 1 input relocation bit 


Initial value 
00000000, 


0 Pin IN1 is used as input pin 
q Pin IN1_R is used as input pin 


bit2 


IN2_R Input capture 2 input relocation bit 


0 Pin IN2 is used as input pin 
1 Pin IN2_R is used as input pin 


bit3 


IN3_R Input capture 3 input relocation bit 
0 Pin IN3 is used as input pin 
1 Pin IN3_R is used as input pin 


bit4 


IN4_R Input capture 4 input relocation bit 


0 Pin IN4 is used as input pin 
1 Pin IN4_R is used as input pin 


bitS 


IN5_R Input capture 5 input relocation bit 


0 Pin IN5 is used as input pin 
q Pin IN5_R is used as input pin 


bité 


IN6_R Input capture 6 input relocation bit 
0 Pin IN6 is used as input pin 
1 Pin IN6_R is used as input pin 


bit7 


IN7_R Input capture 7 input relocation bit 


0 Pin IN7 is used as input pin 
1 Pin IN7_R is used as input pin 
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Peripheral Resource Relocation Register 5 (PRRR5) 


Figure 1-12. Peripheral Resource Relocation Register 5 (PRRR5) 


X 
R/W 


Address: 
0004dby 


R/W R/W 


15 14 13 12 11 
cefin] [fs 


10 


9 8 
UT1_R] OUTO_AI 


R/W R/W R/W R/W 


bit8 


IOUTO_RI Output Compare Unit 0 output relocation bit 
0 Pin OUTO is used as output pin 
1 Pin OUTO_R is used as output pin 


bit9 


OUT1_RI Output Compare Unit 1 output relocation bit 


Initial value 
OOXX00008g 


0 Pin OUT1 is used as output pin 
1 Pin OUT1_R is used as output pin 


bit10 


IOUT2_RI Output Compare Unit 2 output relocation bit 


0 Pin OUT2 is used as output pin 
1 Pin OUT2_R is used as output pin 


bit11 


: undefined value 
: readable and writable 
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IOUT3_ RI Output Compare Unit 3 output relocation bit 


0 Pin OUTS is used as output pin 
1 Pin OUT3_R is used as output pin 


bit12 


bit13 


bit14 


IOUT6_RI Output Compare Unit 6 output relocation bit 
0 Pin OUTE6 is used as output pin 
1 Pin OUT6_R is used as output pin 


bit15 


IOUT7_RI Output Compare Unit 7 output relocation bit 


read value is undefined, write always 0, 


read modify write instructions are not affected 


read value is undefined, write always 0, 


read modify write instructions are not affected 


0 Pin OUT7 is used as output pin 
1 Pin OUT7_R is used as output pin 
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Figure 1-13. Peripheral Resource Relocation Register 6 (PRRR6) 
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Peripheral Resource Relocation Register 6 (PRRR6) 


40 


X 
R/W 


Address: 
0004dcy,, 


7 
CKOT 
Xt 


R/W R/W R/W RW R/W RW R/W R/W 


Initial value 
00000000, 


bitO 


SGOO_R Sound generator sound output relocation bit 
0 Pin SGOO is used as output pin 
1 Pin SGOO_R is used as output pin 


bit1 


ISGAO_RI Sound generator amplitude output relocation bit 
0 Pin SGAO is used as output pin 
1 Pin SGAO_R is used as output pin 


bit2 


: undefined value 


: readable and writable 


FRCKO_R Free running timer 0 input relocation bit 
0 Pin FRCKO is used as input pin 
1 Pin FRCKO_R is used as input pin 


bit3 


SIN2_R USART 2 serial input relocation bit 
0 Pin SIN2 is used as input pin 
1 Pin SIN2_R is used as input pin 


bit4 


SOT2_R USART 2 serial output relocation bit 
0 Pin SOT2 is used as output pin 
1 Pin SOT2_R is used as output pin 


bitS 
ISCK2_R USART 2 serial clock input/output relocation bit 

0 Pin SCkK2 is used as input/output pin 

1 Pin SCK2_R is used as input/output pin 
bit6 


CKOT1_R Clock output 1 relocation bit 
Oo Pin CKOT1 is used as output pin 
1 Pin CKOT1_R is used as output pin 


bit7 


CKOTX1_R Inverted Clock output 1 relocation bit 


0 Pin CKOTX1 is used as output pin 
1 Pin CKOTX1_R is used as output pin 
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1.7.9 


Peripheral Resource Relocation Register 7 (PRRR7) 


Figure 1-14. Peripheral Resource Relocation Register 7 (PRRR7) 


Overview 


X 
R/W 
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Address: 
0004ddy 


R/W R/W R/IW RW R/W RIW R/W R/W 


5 


3 


2 


1 


0 


: undefined value 
: readable and writable 


bito 


bit1 


Initial value 
00000000, 


ADTG_RI A/D converter trigger input relocation bit 
0 Pin ADTG is used as input pin 
1 Pin ADTG_R is used as input pin 


NMI_R Non-Maskable Interrupt input relocation bit 


bit2 


0 Pin NMI is used as input pin 
1 Pin NMI_R is used as input pin 


CS3_R | External bus interface Chip Select 3 output relocation bit 


bit3 


bit4 


INT4_R1 External Interruot 4 second input relocation bit 
0 


If bit INT4_R = 0, then pin INT4 is used as input pin 


0 Pin CS3 is used as output pin 
1 Pin CS3_R is used as output pin 


INT3_R1 External Interrupt 3 second input relocation bit 
0 If bit INT3_R = 0, then pin INT3 is used as input pin 
1 If bit INT3_R = 0, then pin INT3_R1 is used as input pin 


If bit INT4_R = 0, then pin INT4_R1 is used as input pin 


INT5_R1 External Interrupt 5 second input relocation bit 
0 


If bit INT5_R = 0, then pin INT5 is used as input pin 


1 


bit6 
RX2_R CAN 2 RX input relocation bit 


If bit INT5_R = 0, then pin INT5_R1 is used as input pin 


bit7 


0 


0 Pin RX2 is used as input pin 
1 Pin RX2_R is used as input pin 


TX2_R CAN 2 TX output relocation bit 


Pin TX1 is used as output pin 


1 


Pin TX1_R is used as output pin 
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Peripheral Resource Relocation Register 8 (PRRR8) 


Figure 1-15. Peripheral Resource Relocation Register 8 (PRRR8) 
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X 
R/W 
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Address: 
0004dey, 


7 6 5 4 3 2 1 0 


R/W R/W R/W R/W R/W RW R/W R/W 


Initial value 
00000000, 


bitO 


bit1 


SIN7_R USART 7 serial data input relocation bit 
0 Pin SIN7 is used as input pin 
1 Pin SIN7_R is used as input pin 


SOT7_R USART 7 serial data output relocation bit 


bit2 


0 Pin SOT7 is used as output pin 
1 Pin SOT7_R is used as output pin 


ISCK7_R USART 7 serial clock input/output relocation bit 


0 Pin SCK7 is used as input/output pin 
1 Pin SCK7_R is used as input/output pin 


bit3 


bit4 


SIN8_R USART 8 serial data input relocation bit 
0 Pin SIN8 is used as input pin 
1 Pin SIN8_R is used as input pin 


SOT8_R USART 8 serial data output relocation bit 


0 Pin SOT8 is used as output pin 
1 Pin SOT8_R is used as output pin 


bitS 


bité 


ISCK8_R USART 8 serial clock input/output relocation bit 
0 Pin SCK8 is used as input/output pin 
1 Pin SCK8_R is used as input/output pin 


SIN9_R USART 9 serial data input relocation bit 


bit7 


0 Pin SOT is used as output pin 


0 Pin SIN9Q is used as input pin 
1 Pin SIN9_R is used as input pin 


SOT9_R USART 9 serial data output relocation bit 


: undefined value 
: readable and writable 


1 Pin SOT9_R is used as output pin 
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1.7.11 Peripheral Resource Relocation Register 9 (PRRR9Q) 
Figure 1-16. Peripheral Resource Relocation Register 9 (PRRR9Y) 


v4 6 5 4 1 0 
[TFosponf ono 


R/W R/W RIW RW R/W RIW R/W R/W 


= 


3 2 Initial value 


Address: XX000000, 


0004df,, 


bito 


ISCK9_R USART 9 serial clock input/output relocation bit 
[ o | Pin SCK@ is used as input/output pin 
Pin SCK9_R is used as input/output pin 


bit1 


Sound generator 1 sound output relocation bit 


0 Pin SGO1 is used as output pin 


1 Pin SGO1_R is used as output pin 


bit2 


ISGA1_R Sound generator 1 amplitude output relocation bit 
0 Pin SGA1 is used as output pin 
1 Pin SGA1_R is used as output pin 
bit3 


IFRCK2_R Free running timer 2 input relocation bit 
0 Pin FRCK2 is used as input pin 
1 Pin FRCK2_R is used as input pin 


bit4 


Output Compare Unit 10 output relocation bit 


0 Pin OUT10 is used as output pin 
1 


Pin OUT10_R is used as output pin 


bits 


KOTO_R Clock output 0 relocation bit 
0 Pin CKOTO is used as output pin 
1 Pin CKOTO_R is used as output pin 


bit6 - bit7 


- reserved bit 


read value is undefined, write always 0, 
read modify write instructions are not affected 


x : undefined value 
R/W : readable and writable 
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Peripheral Resource Relocation Register 10 (PRRR10) 


Figure 1-17. Peripheral Resource Relocation Register 10 (PRRR10) 


X 
R/W 


Address: 
000660), 


: undefined value 
: readable and writable 


7 6 5 4 3 
cif TTG8_RIPPG1 


R/W R/W R/W RW R/W RW R/W R/W 


2 1 Initial value 


00000000, 


0 
PPG8_R| 


bitO 


PPG 8 output relocation bit 
oa Pin PPG8 is used as output pin 
Pin PPG8_R is used as output pin 


bit1 


PPG 9 output relocation bit 


0 Pin PPG@ is used as output pin 


1 Pin PPG9Q_R is used as output pin 


bit2 


PPG10_R} PPG 10 output relocation bit 
0 Pin PPG10 is used as output pin 
1 Pin PPG10_R is used as output pin 
bit3 


PPG11_R PPG 11 output relocation bit 
0 
1 


Pin PPG11 is used as output pin 
Pin PPG11_R is used as output pin 


bit4 


PPG 8 external trigger input 


0 Pin TTG8 is used as input pin 
1 


Pin TTG8_R is used as input pin 


bitS 


TTG9_R PPG 9 external trigger input 
0 Pin TTG@ is used as input pin 
1 Pin TTG9_R is used as input pin 


bit6 


TTG10_R PPG 10 external trigger input 


0 Pin TTG10 is used as input pin 
1 


Pin TTG10_R is used as input pin 


bit7 


TTG11_R PPG 11 external trigger input 


0 Pin TTG11 is used as input pin 
1 Pin TTG11_R is used as input pin 
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Initial value 
00000000, 


bito 


PPG 16 output relocation bit 
Lo | Pin PPG16 is used as output pin 
Pin PPG16_R is used as output pin 


bit1 


PPG 17 output relocation bit 


0 Pin PPG17 is used as output pin 


1 Pin PPG17_R is used as output pin 


bit2 


PPG18_R PPG 18 output relocation bit 
0 Pin PPG18 is used as output pin 
1 Pin PPG18_R is used as output pin 
bit3 


PPG19_R PPG 19 output relocation bit 
0 Pin PPG19 is used as output pin 
1 Pin PPG19_R is used as output pin 


PPG 16 external trigger input 


0 Pin TTG16 is used as input pin 
1 


Pin TTG16_R is used as input pin 


bits 


TTG17_R PPG 17 external trigger input 
0 Pin TTG17 is used as input pin 
1 Pin TTG17_R is used as input pin 
bit6 


TTG18_R PPG 18 external trigger input 
0 Pin TTG18 is used as input pin 
1 Pin TTG18_R is used as input pin 


bit7 


TTG19_ R PPG 19 external trigger input 


0 Pin TTG19 is used as input pin 
1 Pin TTG19_R is used as input pin 


1.7.13 Peripheral Resource Relocation Register 11 (PRRR11) 
Figure 1-18. Peripheral Resource Relocation Register 11 (PRRR11) 
7 6 5 4 3 2 14 0 
nattess: [of] ofoof ofr 
000661, 
R/W RW RW RW RW RW RW RW 
Xx : undefined value 
R/W : readable and writable 
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Peripheral Resource Relocation Register 12 (PRRR12) 
Figure 1-19. Peripheral Resource Relocation Register 12 (PRRR12) 


X 
R/W 


Address: 
000662, 


: undefined value 


7 6 5 4 3 2 1 0 
CTT Talla Taalor 


R/W R/W R/W RW R/W RW R/W R/W 


(os ee 


: readable and writable 


Initial value 
00000000, 


bitO 


External bus chip select 0 
Lo | Pin CSO is used as input pin 
Pin CSO_R is used as input pin 


bit1 


External bus chip select 1 


0 Pin CS1 is used as input pin 


1 Pin CS1_R is used as input pin 


bit2 


CS2_R External bus chip select 2 
0 Pin CS2 is used as input pin 
1 Pin CS2_R is used as input pin 
bit3 


CS4_R External bus chip select 4 
0 Pin CS4 is used as input pin 


1 Pin CS4_R is used as input pin 


bit4 


External bus chip select 5 


0 Pin CS5 is used as input pin 


1 Pin CS5_R is used as input pin 


bit - bit7 


Po reserved bit 


read value is undefined, write always 0, 
read modify write instructions are not affected 
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1.7.15 Peripheral Resource Relocation Register 13 (PRRR13) 
Figure 1-20. Peripheral Resource Relocation Register 13 (PRRR13) 


7 6 5 4 3 2 #1 ~=«0 Initial value 
sass: [TTT PTTL] — 22000000. 
000663, 
RW RW RW RW RW RW RW ORI 
bitO - bit7 
ee ee ee 
read value is undefined, write always 0, 
read modify write instructions are not affected 
X : undefined value 
R/W : readable and writable 
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This chapter explains the CPU. 


2.1 Outline of the CPU 


The F*MC-16FX CPU core is a 16-bit CPU designed for applications that require high-speed real-time processing, such as 


home-use or vehicle-mounted electronic appliances. The F°MC-16FX instruction set is designed for controller applications, 
and is capable of high-speed, highly efficient control processing. 


2.1.1 Outline of the CPU 


In addition to 16-bit data, the F°MC-16FX CPU core can process 32-bit data by using an internal 32-bit accumulator. 32-bit 
data can be processed with some instructions. Up to 16 MBytes of memory space can be used, which can be accessed by 


either the linear pointer or bank method. The instruction set is compatible to F°MC-16LX. The instruction set is compatible 
with high-level languages, has a rich set of addressing modes, multiplication and division instructions, and bit processing. The 


features of the F°MC-16FX CPU are explained below. 

m Fast execution speed 

q Minimum instruction execution time: 16 ns (at 64 MHz; 4-MHz oscillation, 16 times clock multiplication) 
q Basic instructions are executed in one cycle 

a High speed processing using a 5 stage pipeline 

8 byte instruction queue 


m General purpose registers: 32 banks x 8 words x 16 bits 
Memory space: 16 MBytes, accessed in linear or bank method 
Instruction set optimized for controller applications 

High code efficiency 

Rich data types: Bit, byte, word, long word 

Extended addressing modes: 23 types 

High-precision operation (32-bit length) based on 32-bit accumulator 


MO QO OF QO 


Signed and unsigned multiplication and division instructions 

m Powerful interrupt functions 

og Fast response speed (about 10 clock cycles CLKB) 

Eight priority levels (programmable) 

aq Non maskable interrupt (NMI) 

qo DMA transfer can serve interrupt requests (16 channels max.) without involving CPU 
m = Instruction set compatible with high-level language (C)/multitasking 

q System stack pointer 

q Instruction set symmetry 


ag Shift instructions 
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2.2 Hardware Structure 
This section explains the hardware structure of the CPU and the 16FX core. 


2.2.1 Hardware Structure of the CPU 


CPU Block Diagram 
Figure 2-1. CPU block diagram 


Instruction 
Fetch stage F2MC-16FX CPU 
Queue 


Decode Address 
Operation 


( Decode Data ) Program Counter 
Decode Stage 2 
L Operation J PCB, PC 


Processor Status Accumulator 
Write Back stage 
PS AH, AL 
Stack Pointer General-Purpose 
USP, SSP Register 


Ri, RWi, RLi 


Bank Register Direct Page Register 
USB, SSB, DTB, ADB DPR 


CPU Pipeline Operation 

To execute most instructions in one clock cycle, the CPU uses a five-stage instruction pipeline. The pipeline consists of the 
following stages: 

m_ Instruction fetch (IF): Fetches the instruction from instruction queue. 

Instruction decode 1 (D1): Decodes the instruction and controls address operation. 

Instruction decode 2 (D2): Decodes the instruction and selects operands and data operation. 

Execution (EX): Executes the operation. 


Write back (WB): Writes the operation result to a register or memory location. 


50 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“aug 46 - EMBEDDED IN TOMORROW CPU 


Figure 2-2. Instruction Pipeline 


CLK | a 
Instruction 1 WB 
Instruction 2 EX WB ! ! ! ! 
Instruction 3 D2 EX WB 
Instruction 4 D1 D2 EX WB ! ! 
Instruction 5 IF D1 D2 EX WB 
Instruction 6 IF D1 D2 EX WB 


Instructions are not executed out of order. Therefore, if instruction A enters the pipeline ahead of instruction B, instruction A 
always reaches write back stage before instruction B. 


The standard instruction execution speed is one instruction per cycle. However, transfer instructions that involve memory 
wait, branch instructions and multi-cycle instructions require more than one cycle to execute. The instruction execution speed 
also drops if the delivery of instructions during code fetch is slow. 


Instruction Queue 
The CPU has an instruction queue of 8 byte. 


The instruction queue is filled by the fetch unit. Prefetch is used on consecutive addresses for code fetch. The prefetch mech- 
anism removes drawbacks due to the latency of the pipelined implementation of the CPU and the system bus of the 16FX 
core. 


Program counter 


The program counter bank (PCB, upper 8 bits of the program address) and the program counter (PC, lower 16 bits of the pro- 
gram address) are controlled by the decode stage 1. 


The 24-bit address of the concatenation of {PCB, PC} points to the instruction, which is executed next. 
ALU 


The ALU is controlled by decode stage 2. The operation mode of the ALU is selected and the operands are loaded. The exe- 
cution of the operation is performed in the next cycle. 


The ALU is used for logical and arithmetical operations. Multiplication and division are included. 


CPU registers and memory access 


In the write back stage the result of the operation is written to CPU registers and/or to a memory location. All CPU registers 
except the program counter are assigned to the last pipeline stage. 


2.2.2 Hardware structure of the 16FX Core 


Block Diagram 


Asample configuration and the principle structure of a MCU device based on the 16FX Core is shown in Figure 2-3. 
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Figure 2-3. MCU Device based on the 16FX Core 


F2MC-16FX 
CPU 


Boot ROM 


ROM 
(program area) 


Interrupt 


Controller 


RAM 
(data area) 


Peripheral 


Bus Bridge Peripheral Bus 1 


DMA 
Controller 


16FX Core Bus 


Clock and 
Mode Control 


CAN 


External Bus 


Peripheral 


Interface Bus Bridge 


Peripheral Bus 2 


F2MC-16FX Core 


MCU Device 


Interrupt Controller 

The interrupt controller evaluates the priority of incoming interrupt requests (IRQ) and selects the interrupt number with the 
highest priority. If accepted, the selected interrupt service is processed by the CPU. Each hardware IRQ has its own interrupt 
level register to control its priority. 

DMA Controller 


The DMA controller can also serve IRQs, but without interrupting the actual program execution of the CPU. This can be used 
to automate data transfer between peripherals and memory. 


Depending on the device, up to 16 DMA channels are usable. Each DMA channel can select an IRQ number to be served. 


Clock and Mode Control 


This unit has control over the operation mode and monitors correct operation of the device. It supplies all units with their 
appropriate clock, depending on the operation mode. 


External Bus Interface 


The external bus interface is an optional component. Its availability depends on the configuration of the specific device. 
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Boot ROM 


After device initialization by reset, the program counter points to the boot ROM. The CPU starts the execution of the boot 
ROM program. After further device initialization the reset vector is fetched and the boot ROM code branches to user program 
execution starting at the reset vector. 


Peripheral Bus Bridge 


The peripheral bus bridge acts as an interface between the system bus of the 16FX core and the peripheral bus connecting to 
all other MCU internal peripheral resources. 


The peripheral bus bridge synchronizes between core clock and peripheral clock domains. 


2.3 Memory Space 


An F2MC-16FX CPU has a 16-Mbyte memory space. 
2.3.1 Memory Areas 


2.3.2 Linear Addressing Method 

2.3.3 Bank Addressing Method 

2.3.4 Multi-byte Data in Memory Space 
2.3.1 Memory Areas 


All I/O addresses, programs and data are located in the 16-megabyte memory space of the F°MC-16FX CPU. The CPU is 
able to access each resource through an address indicated by the 24-bit address bus. 


popes Be i | Memory areas in the F>MC-16FX system 


Figure 2-4 shows a sample relationship between the F°MC-16FX system and memory map. 
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Figure 2-4. Relationship between F°MC-16FX system and memory 


00:0000 


aaa Vector table (default) 
| F2MC-16FX device Program code ROM 
! FOM barks Hee 
! ROM start 
External bus (*3) 
! 10:0000 
OF:FFFF 
OF:FC00 
! reserved 
8 02:0000 
ira) 
B 
5 RAM bank 01 
! = 01:0000 
ROM/RAM RAM 
| | F2MC-16FX CPU Mirror area area ("2) 
! 00:8000 
RAM bank 00 
General pur- RAM start 
! pose register 00:0C00 External bus (*3) 
Peripheral circuits ; Peripheral 
: 00:0430 : Extended 
Core config (IRQ, DMA, ...) 00:0380 16FX Core config VO area 
General purpose register 
; 00:0180 iat : 
00:0100 DMA Descriptors 
! 00:00FO External bus (*3) 
| Peripheral circuits, Ports Peripheral V0 area 


“1 The size of the internal ROM differs for each model 

*2 The size of the internal RAM differs for each model 

*3 Because the external bus interface is optional, access is not possible on all devices 
*4 The size of the boot ROM differs for each model 


2.3.1.2 VO area 


The address range of the I/O area is from 00:0000,, to 00:00FF,,. This address range can be used for direct I/O addressing by 
specifying the 8 bit address as operand together with the instruction. If an instruction is using the direct I/O addressing 


method, the register is accessed regardless of the values specified by the direct page register (DPR) or the data bank register 
(DTB). 
Peripheral function control register I/O area (address: 00:0000,, to 00:00EF,,) 


These registers control the built-in peripheral functions and ports. 


External IO area (address: 00:00F0,, to 00:00FF,,) 


These addresses access the direct |O address range of the external bus area. 
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The external bus interface is an optional component. 
pa (ae Extended I/O area 


DMA descriptor area (address: 00:0100,, to 00:017F,,) 

This area retains the transfer modes, I/O addresses, transfer count, and buffer addresses. 
This area can be used as ordinary RAM. 

General-purpose register area (address: 00:0180,, to 00:037F,,) 


General-purpose registers (GPRs) used for 8-bit, 16-bit and 32-bit arithmetic operations and transfers are mapped into this 
area. This area can be used as ordinary RAM. 


Though GPRs are memory mapped, direct access by instructions using these registers is greatly improved with respect to 
16LX. 


16FX Core control register (address: 00:0380,,; to 00:042F,,) 


This area is for CPU core internal configuration registers. 


Peripheral function control register extended I/O area (address: 00:0430,, to 00:0BFF,,) 


Registers in this area control the built-in peripheral functions. 


External bus area (address: 00:0C00,, to 00:0FFF,) 


This area accesses the extended IO range of the external bus area in bank 0. 


If less than 28 kByte RAM is implemented (this varies with the MCU device), the external bus area may be extended until the 
RAM start address subtracted by 1. 


The external bus interface is an optional component. 


2.3.1.4 RAM area 


Data area in bank 00 (address: 00:1000,, to 00:7FFF,,) 


At this area static RAM is implemented with a size up to 28 kByte. 


The size of internal RAM differs for each device. Thus the RAM start address depends on the implemented memory size. 


Mirror area in bank 00 (address: 00:8000,, to 00:FFFF,,) 


This area is used to access the top-most section of 32 kByte ROM by default. The ROM mirror function is variable in size. 
There are up to 4 segments of 8 kByte each selectable as ROM mirror. The ROM bank to be accessed via bank 00 can be 
selected in the ROMM register. 


If the ROM mirror function is switched off, RAM on bank 01 can be accessed via bank 00 in addition. 


The mirror area in bank 00 can be used in order to support the small model of the C compiler. Since the least significant 16 
bits are identical, the corresponding part for data access to the selected ROM or RAM bank can be referenced without using 
the far specification in the pointer declaration. 


Data area in bank 1 (address: 01:0000,, to 01:FFFF,,) 


At this area static RAM is implemented with a size up to 64 kByte. 


The size of internal RAM differs for each device. 
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2.3.1.5 ROM area 


Program area (address: up to FF:FFFF,,) 
ROM is built in as an internal program area. 
The size and the ROM start address of internal ROM differs for each device. 


By default, addresses FF:FC00,, to FF:FFFFy are allocated by the vector table. 


2.3.1.6 Vector table area 


Vector table area 


This area is used as the vector table for the interrupt vectors and the reset vector. The start address of the corresponding pro- 
cessing routine is set as data in each vector table entry. 


The area of the vector table can be changed by the user program in the table base register (TBR). It can be located either in 
the RAM, ROM or external area. This area is located at 1 kByte starting at the address defined by the TBR. The address of 
the vector table area is 


VECgtart = TBR* 100, up to 
VECEnp = TBR* 1004 + 3FFy. 
The address of the vector table area is FF:FCO0O,, to FF:FFFFy by default. 


The vector table for vectored call instruction is located in the actual program bank specified by the PCB register. The CALLV 
instruction uses these 32 byte area, located at the top of the program bank from PCB:FFEOQ,, to PCB:FFFF,. The TBR has no 


influence on the location of the vectors used by the CALLV instruction. 
Care must be taken, if the interrupt vector area (upper 8 entries of the interrupt vector table entries) is located at the top of the 
program bank and the CALLV instruction is used. Both vector tables then share the same location. 


2.3.2 Linear Addressing Method 


At linear addressing an entire 24-bit address is specified by an instruction. There are two types of linear addressing: 

m 24-bit operand specification: Directly specifies a 24-bit address using operands. 

m 32-bit register indirect specification: Indirectly specifies the 24 low-order bits of a 32-bit general-purpose register value as 
the address. 


2.3.2.1 24-bit operand specification 


Figure 2-5 shows an example of 24-bit operand specification. Figure 2-6 shows an example of 32-bit register indirect specifi- 
cation. 


Figure 2-5. Example of linear method (24-bit register operand specification) 


Old program counter -———> 17452Dy 
+ program bank 17. | 452D JMPP 123456 


> 123456, Next instruction 


New program counter 
+ program bank 12 | 3456 
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Figure 2-6. Example of linear method (32-bit register indirect specification) 


+7 


[ RL 240906F9 


(The high-order eight bits are ignored.) 


New AL 003A 


2.3.3 Bank Addressing Method 


In the bank addressing method the eight high-order bits of an address are specified by an appropriate bank register, and the 
remaining 16 low-order bits are specified by an instruction. 


2.3.3.1 Bank addressing method 


In bank addressing, the 16-MByte space is divided into 256 banks (64 kBytes each). The five bank registers described below 
are used to specify the banks (upper 8 address bits) corresponding to each space: 


Program bank register (PCB) 


The 64-kByte bank specified by the PCB is called program (PC) space. The PC space contains instruction codes, the vector 
table of the CALLV instruction and immediate value data, for example. 


Data bank register (DTB) 


The 64-Kbyte bank specified by the DTB is called data (DT) space. The DT space contains readable/writable data, and con- 
trol/data registers for internal and external resources. 


User stack bank register (USB) and system stack bank register (SSB) 


The 64-kByte bank specified by the USB or SSB is called stack (SP) space. The SP space is accessed when a stack access 
occurs during a push/pop instruction or interrupt register saving. The S flag in the condition code register determines the 
stack space USB or SSB to be accessed. 


Additional bank register (ADB) 


The 64-kByte bank specified by the ADB is called additional data (AD) space. The AD space, for example, contains data that 
cannot fit into the DT space. 
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Table 2-1 lists the default spaces used in each addressing mode, which are pre-determined to improve instruction coding effi- 
ciency. 


Table 2-1. Default space 


Default space Addressing mode 
PC indirect, program access or branch 
Addressing mode using @RWO0, @RW1, @RW4, @RW5, @A, addr16 or dir 


Stack space Addressing mode using PUSHW, POPW, @RW3 or @RW7 
Additional data space Addressing mode using @RW2 or @RW6 


To use a non-default space for an addressing mode, specify a prefix code corresponding to a bank before the instruction. 
This enables access to the bank space corresponding to the specified prefix code. 


Table 2-2. Bank selection prefixes 


Either the system or the user stack space is used, according to the stack flag status upon selection. 


Table 2-7 is an example of a memory space divided into register banks and shows the physical address of each space. 


Figure 2-7. Bank addressed memory space and values of bank registers 


T FFFFFF yy 
Program space 
FF0000 FFy : PCB (Program bank register) 
B3FFFFy 
B30000 4 B3 y : ADB (Additional bank register) 
a 
® Q2FFFFy 
xe) 
me) 
& 920000 4 924 : USB (User stack bank register) 
oO 
2 
2 68FFFF Y 
fet 
a 
680000} 68H : DTB (Data bank register) 
4BFFFFy 
| 4B0000 4B y : SSB (System stack bank register) 
000000y 


2.3.3.2 Initialization of bank registers 


After reset, the DTB, USB, SSB and ADB are initialized to 00,,. Because the reset address is fixed to the Boot ROM program 
start address OF:FC00y, the PCB is initialized to OF y. 


In external vector mode a value specified by the reset vector on address FF:FFDCy,, is loaded when leaving the Boot ROM 
code execution. In internal vector mode the PCB is loaded with a fixed value defined by the product. 
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At starting user program from specified reset vector address, the DT, SP, and AD spaces are allocated in bank 00}, (000000, 
to OOFFFFy,), and the PC space is allocated in the bank specified by the reset vector. 


Table 2-3. Initialization of bank registers 


Bank register Initialization by reset Initialization by Boot ROM 
External vector mode Internal vector mode 


DTB 0014 00,4 0014 
USB 004 00, 004 


SSB 004 004 004 


ADB 00y 004 004 


PCB OFy Byte read from FF:FFDEy. Value defined by the product. 


2.3.4 Multi-byte Data in Memory Space 


Data is written to memory from the low-order address on. Therefore, for a 32-bit data item, the low-order 16 bits are trans- 
ferred before the high-order 16 bits. 


If a reset signal is input immediately after the low-order bits are written, the high-order bits might not be written. 


2.3.4.1 Multi-byte data allocation in memory space 


Figure 2-8 is a diagram of multi-byte data configuration in memory. The low-order eight bits of a data item are stored at 
address n, then next eight bits are stored at address address n+1, etc. 


Figure 2-8. Sample allocation of multi-byte data in memory 


MSB LSB 


01010101 11001100 11111111 00010100 


sr 


Addressn | ----------- 


2.3.4.2 Accessing multi-byte data 


Fundamentally, accesses are made within a bank. For an instruction accessing a multi-byte data item, address FFFFy, is fol- 
lowed by address 0000, of the same bank. Figure 2-9 is an example of an instruction accessing multi-byte data. 
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Figure 2-9. Execution of MOVW A, O80FFFFH 


I AL before execution 


80FFFF yy 


800000 y AL after execution 


-< 


2.4 Special Registers 


The F°MC-16FX CPU registers are classified into two types: special registers and general-purpose registers. 


This section explains the special registers of the F°MC-16FX CPU. The special registers are dedicated internal hardware of 
the CPU, and they have specific use defined by the CPU architecture. These registers can be accessed without using an 
address. The register operations are defined by specific instructions. 

2.4.1 Accumulator (A) 


2.4.2 User Stack Pointer (USP) and System Stack Pointer (SSP) 
2.4.3 Processor Status (PS) 

2.4.4 Program Counter (PC) 

2.4.5 Direct Page Register (DPR) 

2.4.6 Bank register (PCB, DTB, ADB, USB, SSB) 


Special registers 


The F°MC-16FX CPU has the following special registers: 

Accumulator (A=AH:AL): Two 16-bit accumulators (can be used as a single 32-bit accumulator) 
User stack pointer (USP): 16-bit user stack pointer 

System stack pointer (SSP): 16-bit system stack pointer 

Processor status (PS): 16-bit register indicating the system status 

Program counter (PC): 16-bit register holding the address of the next instruction to be executed 
Program bank register (PCB): 8-bit register indicating the program bank 

Data bank register (DTB): 8-bit register indicating the data bank 

User stack bank register (USB): 8-bit register indicating the user stack bank 

System stack bank register (SSB): 8-bit register indicating the system stack bank 

Additional bank register (ADB): 8-bit register indicating the additional data bank 

Direct page register (DPR): 8-bit register indicating the page for direct access 


Figure 2-10 is a diagram of the special registers. 
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Figure 2-10. Special registers 


AH AL Accumulator 


User stack pointer 
System stack pointer 
Processor status 


Program counter 


Direct page register 


Program bank register 
Data bank register 

User stack bank register 
System stack bank register 


Additional data bank register 


32 bit : 


2.4.1 Accumulator (A) 


The accumulator (A) register consists of two 16-bit arithmetic operation registers (AH and AL), and is used as a temporary 
storage for operation results and transfer data. 


2.4.1.1 Accumulator (A) 


The A register consists of two 16-bit arithmetic operation registers (AH and AL). The A register is used as a temporary stor- 
age for operation results and transfer data. During 32-bit data processing, AH and AL are used together. Only AL is used for 
word processing in 16-bit data processing mode or for byte processing in 8-bit data processing mode (see Figure 2-11 and 
Figure 2-12). The data stored in the A register can be operated upon with the data in memory or registers (Ri, Rwi, or Rli). In 


the same manner as with the F°MC-8L, when a word or shorter data item is transferred to AL, the previous data item in AL is 
automatically sent to AH (data preservation function). The data preservation function and operation between AL and AH help 
to improve processing efficiency. 


When a byte or shorter data item is transferred to AL, the data is sign-extended or zero-extended and stored as a 16-bit data 
item in AL. The data in AL can be handled either as word or byte. 


When a byte-processing arithmetic operation instruction is executed on AL, the high-order eight bits of AL before the opera- 
tion are ignored. After the operation the heigh-order eight bits become zero. 


The A register is not initialized by a reset. The A register holds an undefined value immediately after a reset. 
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Figure 2-11. Example of a 32-bit data transfer 
MOVL A, @RW1+6 MSB LSB 


Previous content 
of the A register XXXXy XXXXy A61540,, 8Fy 744 


> AG153E,] 2By | 52y 


DTB | A6y 


Latest content 
of the A register 


_RW1 154 | 384 


Figure 2-12. Example of AL-AH transfer by means of data preservation 


MOVW A, @RW1+6 moe ie 


Previous content 


of the A register A61540y | 8Fy 744 


> A6153E,] 2By | 52y 


DTB | Ay, 


Latest content 
of the A register 


_RW1 154 | 384 


AH AL 


2.4.2 User Stack Pointer (USP) and System Stack Pointer (SSP) 

USP and SSP are 16-bit registers that indicate the memory addresses for saving and restoring data when a push/pop instruc- 
tion or subroutine is executed. 

2.4.2.1 User stack pointer (USP) and system stack pointer (SSP) 


USP and SSP are 16-bit registers that indicate the memory addresses for saving and restoring data in the event of a push/ 
pop instruction or subroutine execution. The USP and SSP registers are used by stack instructions. 


The USP register is enabled when the S flag in the processor status register is “O”, and the SSP register is enabled when the 
S flag is “1” (see Figure 2-13). Since the S flag is set when an interrupt is accepted, register values are always saved in the 
memory area indicated by SSP during interrupt processing. SSP is used for stack processing in an interrupt routine, while 
USP is used for stack processing outside an interrupt routine. If the stack space is not divided, use only the SSP. 


During stack processing, the high-order eight bits of an address are indicated by SSB (for SSP) or USB (for USP). 


USP and SSP are not initialized by a reset. Instead, the values are undefined. 
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Figure 2-13. Stack manipulation instruction and stack pointer 


CPU 


Example 1 PUSHW A when the S flag is '0' 


Before execution —> AL A624 y USB 


S flag [0 | SSB 


MSB LSB 
Cc USP | F328} | C6F326 y XX XX 
ssp | 12344 


After execution —> AL | A624 Y | use | C6 Hy 


User stack is used because 
USP | F326 | <=" the S flag is '0.' 


Example 2 PUSHW A when the S flag is '1' 


fo] oe 


=> AL | A6244 | USB 


=> AL | A6244 | USB 
sss | 


ssp | 12344 | CeFs26 4] aey 24 
C6 y USP F328 4 | 561232 yy XX XX 
ssp | 12344 
C6 Hy USP F328 | 561232 y AG yy 2444 


SsP | 1232 y | <4 System stack is used because 


the S flag is "1". 


Note: Specify an even-numbered address in the stack pointer whenever possible. An odd value will cause drawback in 


stack performance. 


2.4.3 Processor Status (PS) 


The PS register consists of the bits controlling the CPU Operation and indicating the CPU status. 


2.4.3.1 Processor status (PS) 


As shown in Figure 2-14, the high-order byte of the PS register consists of a register bank pointer (RP) and an interrupt level 
mask register (ILM). The RP indicates the start address of a register bank. The low-order byte of the PS register is a condition 
code register (CCR), containing the flags to be set or reset depending on the results of instruction execution or interrupt 


occurrences. 


Figure 2-14. Processor status (PS) structure 


15 <—+ 13 12 


=> 87 0 


PS ILM 


RP 


2.4.3.2 


Condition code register (CCR) 


Figure 2-15 is the diagram of the condition code register configuration. 
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Figure 2-15. Condition code register (CCR) configuration 


7 6 ) 4 3 2 1 0 


P S T N Z Vv Cc PS: CCR 
0 0 1 0 0 0 0 0 initial value after reset 
1 0 1 xX X xX X X value after Boot ROM execution 


P: Priviledged mode flag: 
P = 1 indicates user mode, P = 0 indicates privileged mode. 
The P flag is cleared by a reset. However, the P flag will be set during execution of the Boot ROM code. 


Only NMI, HW-INT9 (EDSU) and DSU interrupts will clear the P flag and disable all other hardware interrupts. If the P flag is 
cleared, ILM defines system interrupt levels of the privileged mode (PO to P7). These interrupt levels have higher priority than 
any ILM setting in user mode (UO to U7). 


The P flag can be set by dedicated instructions (OR CCR #imm, POPW PS) or by restoring the processor status (RETI, JCTX 
@A). Restoring P=0 is not accepted, if P has been ’1’ before. 


I: Interrupt enable flag: 


Interrupts other than software interrupts are enabled when the | flag is 1 and are masked when the | flag is 0. The | flag is 
cleared by a reset. 


S: Stack flag: 

When the S flag is 0, USP is enabled as the stack pointer. 
When the S flag is 1, SSP is enabled as the stack pointer. 
The S flag is set by an interrupt reception or a reset. 

T: Sticky bit flag: 


A value of "1" is set in the T flag when there is at least one "1" in the data shifted out from the carry after execution of a logical 
right/arithmetic right shift instruction, otherwise, "0" is set in the T flag. 


In addition, "0" is set in the T flag when the shift amount is zero. 
N: Negative flag: 
The N flag is set when the MSB of the operation result is "1", and is otherwise cleared. 


Z: Zero flag: 


The Z flag is set when the operation result is all zeroes, and is otherwise cleared. 


V: Overflow flag: 
The V flag is set when an overflow of a signed value occurs as a result of operation execution and is otherwise cleared. 
C: Carry flag: 


The C flag is set when a carry-up or carry-down from the MSB or LSB occurs as a result of operation execution, and is other- 
wise cleared. 
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2.4.3.3 Register bank pointer (RP) 


The RP register indicates the relationship between the general-purpose registers of the F°MC-16FX and the internal RAM 
addresses. Specifically, the RP register indicates the first memory address of the currently used register bank in the following 
conversion expression: [00180,, + (RP)*104]. The RP register consists of five bits, and can take a value between 00, and 
1Fy. Register banks can be allocated at addresses from 000180, to 00037F,, in memory. 


Figure 2-16. Register bank pointer (RP) 


15 14 13 12 11 10 9 8 


B4 B3 B2 B1 BO RP 


0 0 0 0 0 initial value 


The FP register is initialized to all zeroes by a reset. An instruction may transfer an eight-bit immediate value to the RP regis- 
ter; however, only the low-order five bits of that data are used. 


2.4.3.4 Interrupt level mask register (ILM) 


The ILM register consists of three bits, indicating the CPU interrupt masking level. An interrupt request is accepted only when 
the priority of the interrupt is higher than that indicated by the ILM register and the P flag. Highest priority interrupt is level PO 
and lowest priority is level U7. Therefore, for an interrupt to be accepted, its level value must be smaller than the current ILM 
value (see Figure 2-17). In addition, the P flag has to be considered. When an interrupt is accepted, the level value of that 
interrupt is set in the P flag and ILM register. Thus, an interrupt of the same or lower priority cannot be accepted subsequently. 


Figure 2-17. Interrupt level register (ILM) 


15 14 13 12 11 10 9 8 


ILM2 | ILM1 | ILMo ! | | PS: ILM 
1 0 0 initial value after reset 
0 0 0 value after Boot ROM execution 


ILM is initialized to 100g by a reset. However, during execution of the Boot ROM program ILM is set to 000z. 


An instruction may transfer an eight-bit immediate value to the ILM register, but only the low-order three bits of that data are 
used (MOV ILM #imm, POPW PS, RETI, JCTX @A). If P=1 (in user level), any ILM change is possible. If P=0 (priviledged 
level), an ILM change is only accepted, if the new value defines a user level UO to U7 (with P=1) or if the privileged level (PO 
to P7) is increased. The lower levels of the privileged mode PO to P7 can not be reached by execution of an instruction from a 
higher level. Writing 0 to the P flag and reducing the level with P=0 is only possible by NMI, HW-INT9 or a DSU interrupt. 


Notes: The P flag can be understood as bit extension of ILM. Then it defines the most significant bit of the the interrupt level 
mask {P, ILM}. 


After initialization with reset the CPU is in level P4. This disables all interrupts, including NMI, except for the DSU. After exe- 
cution of the Boot ROM program the CPU is in level UO. Peripheral interrupts are disabled. 


All privileged mode levels PO to P7 are locked against entering or decreasing the level by an instruction. The levels PO to P7 
can only be increased. This protects the operation of HW-INT9, NMI and DSU operation. Only DSU can interrupt the NMI or 
mask its acceptance during a debug session. 
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The user levels U0 to U7 are backward compatible to F°MC-16LX interrupt levels 0 to 7. The P flag is not writeable in a user 
level. 


Table 2-4. Levels indicated by the P flag and interrupt level mask (ILM) register 


a es 
roof drone———(inoruptscsabed 
EC 
CC 
EC 
sido S—~*dA =item SS 
Ea CS 
EC 
EC 


uot ff evel U0 | User interrupts disabed 

Level<Ut | User level 0 
HW-INT9, NMI, 
DSU 


ue tt towers | Userevelos 


2.4.4 Program Counter (PC) 


The PC register is a 16-bit counter that indicates the low-order 16 bits of the memory address of an instruction code to be 
executed by the CPU. 


2.4.4.1 Program counter (PC) 


The PC register is a 16-bit counter that indicates the low-order 16 bits of the memory address of an instruction code to be 
executed by the CPU. The high-order eight bits of the address are indicated by the program bank register (PCB). 


The PC register is updated by a branch instruction, subroutine call instruction, interrupt or reset. Within a linear program seg- 
ment, the PC is incremented by the number of bytes of the last instruction. 


The PC register can also be used as a base pointer for operand access. 
Figure 2-18 shows the program counter. 


Figure 2-18. Program counter 


PCB | FEY PC | ABCD y 


2 5 N 7 Next instruction to be executed 


| | > FEABCD y 


The reset address is fixed to the Boot ROM program start address of OF:FCO0,,. At reset, the PC is initialized to FCOO, and 
the PCB is initialized to OF y. 


In external vector mode a value specified by the reset vector on address FF:FFDC,, is loaded when leaving the Boot ROM 
code execution. In internal vector mode the PCB and the PC are loaded with fixed values defined by the product. 


66 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“amp «6- EMBEDDED IN TOMORROW CPU 


2.4.5 Direct Page Register (DPR) 


The direct page register (DPR) specifies bits 8 to 15 (addr 8 to addr 15) of the operand address for direct addressing instruc- 
tions. 


2.4.5.1 Direct page register (DPR) 
DPR specifies bits 8 to 15 of the instruction operands in direct addressing mode as shown in Figure 2-19. 


Figure 2-19. Generating a physical address in direct addressing mode 


DTB register DPR register Direct address during instruction 


OL OO O OL OL OL O BBBBBBBB YYYYYYYY 


MSB LSB 


24-bit physical 
iA axnaaaaanaBBBBBBBByyyyyvvy 


DPR is eight bits long, and is initialized to 01,, by a reset. DPR can be read or written to by an instruction. 


2.4.6 Bank register (PCB, DTB, ADB, USB, SSB) 


Each bank register indicates a memory bank where a program space, data space, user stack space or additional data space 
is allocated 


2.4.6.1 Bank Register 


All bank registers are one byte long. Each bank register (PCB, DTB, USP, SSP, ADB) indicates the memory bank where the 
PC, DT, SP (user), SP (system), or AD space is allocated. 


Bank registers other than PCB can be read and written to. PCB can be read but cannot be written to. The PCB register is 
updated upon the JMPP or CALLP instruction, branching to the entire 16 MByte space, upon the RETP or RETI instruction or 
upon an interrupt. 


For details of the operation of bank registers, see section 2.3.3 Bank Addressing Method. 


Program counter bank register (PCB) 


Initial value: OF after reset, and later a value from reset vector at user program start. 


Data bank register (DTB) 


Initial value: OO. 


User stack bank register (USB) 


Initial value: OO. 


System stack bank register (SSB) 


Initial value: OO. 
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Additional data bank register (ADB) 


Initial value: OO. 


2.5 General-Purpose Registers 


The F°MC-16FX CPU registers are classified into two types: special registers and general-purpose registers. 
This section explains the general-purpose registers (GPRs) of the F2MC-16FX CPU. 


GPRs can be accessed without addressing, similar to the special registers. The register operations are defined by specific 
instructions. 


In addition, the GPRs are accessible within the CPU address space. They can be used as ordinary memory. 
2.5.1 Register Bank 


2.5.2 Addressing General-Purpose Registers 


2.5.1 Register Bank 


A register bank consists of eight words. The register bank can be used as general-purpose registers for arithmetic operations. 


2.5.1.1 Register bank 


A register bank consists of eight words. The register bank can be used as the following general-purpose registers for arithme- 
tic operations: 


m byte registers RO to R7 (8 bit), 
m word registers RWO to RW7 (16 bit) and 
m long word registers RLO to RL3 (82 bit). 


In addition, registers of the register bank can be used as pointers and counters. 


Table 2-5 lists the functions of the registers. Table 2-6 indicates the relationship between the registers. 


Table 2-5. Register functions 


RO to R7 Used as operands of instructions. 
Note: RO is also used as a counter for shift or normalization instructions. 


Used as pointers. 


RWO0O to RW7 Used as operands of instructions. 
Note: RW0 is used as a counter for string instructions. 


Used as long pointers. 
RLO to RL3 ' : 
Used as operands of instructions. 
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Table 2-6. Relationship between registers 


In the same manner as for an ordinary RAM area, the register bank values are not initialized by a reset. The status before a 
reset is maintained. When the power is turned on, the register bank will have an undefined value. 


2.5.2 Addressing General-Purpose Registers 


The general-purpose registers of the F2MC-16FX use the register bank pointer (RP) to specify the currently used register 
bank. The register banks can be addressed between 00:0180,, and 00:037F,, in the memory space. 


2.5.2.1 Addressing General-purpose registers 


The F°MC-16FX general-purpose registers are located from addresses 000180,, to 00037F,, of memory space. The register 


bank pointer (RP) indicates which of the above addresses are currently being used as a register bank. Each bank has the fol- 
lowing three types of registers. These registers are mutually dependent as described in Figure 2-20. 


= RO to R7: 8-bit general-purpose registers 
m RWO to RW7: 16-bit general-purpose registers 
m RLO to RL3: 32-bit general-purpose registers 
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Figure 2-20. General-purpose registers 


MSB 16 bit LSB 
—Ia—__> 
High-order Des ee | 
A R7 R6 RW7 
SS es RL3 
R5 R4 RW6 
R3 R2 RW5 
J - 203+ RL2 
R1 RO RW4 
RW3 
RL1 
RW2 
First address of RW1 
general-purpose register ’ RLO 
Low-order RWO 
00:0180H + RP*10H = | -- ------------- <i anne (555i Paes 


The relationship between the high-order and low-order bytes of a byte or word register is expressed as follows: 
RW (44) = R (x241)"256+R (j+2) [i=0 to 3] 

The relationship between the high-order and low-order bytes of RLi and RW can be expressed as follows: 

RL (i) = RW (j+241)"65536+RW (+2) [i=0 to 3] 


2.6 Prefix Codes 


Placing a prefix code before an instruction partially changes the operation of that instruction. There are three types of prefix 
codes: 


m Bank selection prefix 
m= Common register bank prefix 
m Flag change inhibit prefix 


This section explains each prefix. 
2.6.1 Bank Selection Prefix 


2.6.2 Common Register Bank Prefix (CMR) 
2.6.3 Flag Change Inhibit Prefix (NCC) 
2.6.4 Prefix Code Restrictions 


2.6.1 Bank Selection Prefix 


Placing a bank selection prefix before an instruction enables that instruction to access any specified memory space, regard- 
less of the addressing method being used. 


2.6.1.1 Bank select prefix 
The memory space used for accessing data is determined for each addressing mode. 


When a bank select prefix is placed before an instruction, the memory space used for accessing data by that instruction can 
be selected regardless of the addressing mode. 
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Table 2-7 lists the bank select prefixes and the corresponding memory spaces. 


Table 2-7. Bank select prefix 


Bank select prefix Space selected 
PCB 


DT8 
ADB 
SPB Either the SSP or USP space is used according to the stack flag value. 


Note, that the effect of the prefixes varies for following instructions: 


Transfer instructions (I/O access) 


MOV A, io MOV io, A MOVW A, io MOVW io, A 


MOV io, #imm8 MOV io, imm16 MOVXA, io 


The I/O space is accessed, regardless of any bank selection prefix is specified. 


Bit operation instructions (I/O access) 


MOVB A, io:bp MOVB io:bp, A SETB io:bp CLRB io:bp 


BBC io:bp, rel BBS io:bp, rel WBTC io:bp WBTS io:bp 


The I/O space is accessed, regardless of any bank selection prefix is specified. 


Branch instructions 
RETI 


The system stack bank (SSB) is used, regardless of any bank selection prefix is specified. 


String operation instructions 


FILS FILSW SCEQ SCWEQ 


MOVS MOVSW 


The bank register specified by the operand is used, regardless of any bank selection prefix is specified. 


Stack operation instructions 


PUSHW POPW POPW PS 


LINK UNLINK 


The system stack bank (SSB) or user stack bank (USB) is used according to the S flag, regardless of any bank selection pre- 
fix is specified. 
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Processor status word change / interrupt control instructions 
AND CCR, #imm8& OR CCR, #imm8 MOV ILM, #imm8s POPW PS 


The specified bank selection prefix affects the next instruction. 


2.6.2 Common Register Bank Prefix (CMR) 


The common register bank prefix (CMR) can be placed before an instruction that accesses a register bank. Then the target 
register of that instruction is changed to the common register bank. This is the register bank selected with RP=0, regardless 
of the current value of the register bank pointer (RP). 


26.21 Common register bank prefix (CMR) 


To simplify data exchange between multiple tasks, it is necessary to establish a relative easy method of accessing the same 


pre-determined register bank, regardless of the RP value. To achieve this, the F°MC-16FX has a so called common register 
bank that can be used by all tasks. The common bank is located between address 00:0180y and 00:018Fy. It is selected 


when the RP value is set to ’0’. 


When CMR is placed before an instruction that accesses a register bank, that instruction accesses the common bank, regara- 
less of the current RP value. 


Note, that the effect of the prefix varies for the following instructions: 
String operation instructions 


FILS FILSW SCEQ SCWEQ 


MOVS MOVSW 


Placing a CMR prefix before the string instructions listed above is ignored. The counter register RWO is always referenced by 
using the actual value of the register bank pointer RP, regardless of a CMR prefix is specified or not. 


Stack operation instructions 
LINK UNLINK 


The system stack bank (SSB) or user stack bank (USB) is used according to the S flag, regardless of any bank selection pre- 
fix is specified. 


Processor status word change / interrupt control instructions 
AND CCR, #imm8& OR CCR, #imm8 MOV ILM, #imm8 POPW PS 


The specified prefix affects the next instruction. 


2.6.3 Flag Change Inhibit Prefix (NCC) 


Flag changes associated with the execution of an instruction can be inhibited by placing a flag change inhibit prefix code 
(NCC) before that instruction. 


2.6.3.1 Flag change inhibit prefix code (NCC) 


To disable flag changes, use the flag change inhibit prefix code (NCC). Placing NCC before an instruction disables flag 
changes associated with that instruction. 


Note, that the effect ot the prefix varies for the following instructions: 
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String operation instructions 
FILS FILSW SCEQ SCWEQ 


Placing a NCC prefix before the string instructions listed above is ignored. Flags in the CCR are changing according to the 
instruction specifications, regardless of a NCC prefix is specified or not. 


Processor status word change / interrupt control instructions 
AND CCR, #imm8 OR CCR, #imms MOV ILM, #imm8 POPW PS 


The specified prefix affects the next instruction. 
Branch instructions 
INT #vct8 INT9 INT addr16 INTP addr24 
RETI 
CCR changes according to the instruction specifications regardless of a NCC prefix is specified or not. 


Context switch instruction 
JCTX @A 


CCR changes according to the instruction specifications regardless of the prefix. 


2.6.4 Prefix Code Restrictions 


This section lists the instructions, which reject interrupt requests during execution. If a prefix code is placed before such an 
instruction, the setting of the prefix code remains effective until the first instruction is executed after this interrupt rejecting 
instruction. 


If conflicting prefix codes are specified consecutively, only the last specified prefix code is valid. 


2.6.4.1 Interrupt rejecting instructions 


Interrupt requests are not accepted during execution of following instructions and prefix codes: 


MOV ILM, #imm8& AND CCR, #imm8s OR CCR, #imm8s POPW PS 
PCB ADB DTB SPB 
NCC CMR 


If a valid interrupt request occurs during execution of any of the above instructions, the interrupt is postponed until an instruc- 
tion other than the above is executed. For details, see Figure 2-21. 
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Interrupt rejecting instruction 
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Interrupt request 
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Interrupt acceptance 
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instruction 


2.6.4.2 Restrictions on interrupt rejecting instructions and prefix codes 


When a prefix code is placed before an interrupt rejecting instruction, the prefix code affects the first instruction after the code 


other than the interrupt rejecting instruction. For details, see Figure 2-22. 


Figure 2-22. Interrupt rejecting instructions and prefix codes 


Interrupt rejecting instruction 


MOV A, FF 4 


NCC 


MOV ILM,#imm8 


CCR:XXX10XX 


ADD A,01 4 


t CCR:XXX10XX 


CCR does not change with NCC. 


2.6.4.3 Multiple prefix codes in succession 


When conflicting prefix codes are placed consecutively, the last one is valid. 


In the figure below, conflicting prefix codes are PCB, ADB, DTB, and SPB. For details, see Figure 2-23. 


Figure 2-23. Consecutive prefix codes 


Prefix code 


ADB 


DTB 


PCB 


ADD A,014 


PCB is valid as the prefix code 


Prefixes CMR and NCC are not conflicting with bank selection prefixes PCB, ADB, DTB and SPB. CMR is not conflicting with 


NCC. 
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This chapter explains the interrupt functions and operations. 
3.1 Outline of Interrupts 


3.2 Interrupt Vector 

3.3 Interrupt Control Registers (ICR) 
3.4 Non Maskable Interrupt (NMI) 
3.5 Interrupt Flow 

3.6 Hardware Interrupts 

3.7 Software Interrupts 

3.8 Multiple interrupts 

3.9 Exceptions 


3.1 Outline of Interrupts 


The F°MC-16FX has interrupt functions that terminate the currently executed program and transfer control to another speci- 
fied program when a specific event occurs. There are four types of interrupt functions: 


m Hardware interrupt: Interrupt processing due to an internal resource event 

= Software interrupt: Interrupt processing due to a software event (instruction) 

m Exception: Handling of an operation exception 

m= DMA: Data transfer without CPU interaction due to an internal resource event. 


21.1 Hardware interrupts 


A hardware interrupt is activated by an interrupt request from an internal resource. A hardware interrupt request occurs when 
both the interrupt request flag and the interrupt enable flag in an internal resource are set. 


Specifying an interrupt level 


An interrupt level can be specified for the hardware interrupt. To specify an interrupt level, use the level setting bits (ILO, IL1, 
and IL2) in the interrupt control register ICR. 


For each hardware interrupt its own interrupt level (IL) can be specified. Access to a dedicated IL can be done by setting the 
index IX. Both IX and IL are accessible through the interrupt control register ICR. 


Masking a hardware interrupt request 


A hardware interrupt request can be masked by using the | flag and the ILM bits (ILMO, ILM1, and ILM2). The interrupt is exe- 
cuted only, when the | flag is set and the value of the interrupt level IL is smaller than the interrupt level mask ILM. In addition 
the P flag has to be set for hardware interrupt acceptance. P, | and ILM are parts of the processor status word PS of the CPU. 


When an unmasked interrupt request occurs, the CPU saves 12 bytes of data that consists of registers PS, PC, PCB, DTB, 
ADB, DPR, and A in the memory area indicated by the system stack bank and pointer registers (SSB and SSP). 
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3.1.2 Software interrupts 


Interrupts requested by executing the INT instruction are software interrupts. An interrupt request by the INT instruction does 
not have an interrupt request or enable flag. An interrupt request is issued always by executing the INT instruction. 


No interrupt level is assigned to the INT instruction. Therefore, ILM is not updated when the INT instruction is used. Instead, 
the | flag is cleared and the continuing interrupt requests are suspended. 


3.1.3 Exceptions 


Following software exceptions can be processed: 

m Undefined instruction 

gw INT9 

m_ INTE (only available on the EVA device) 

Following hardware exceptions can be processed: 

a NMI 

m HW-INT9 (embedded debug support) 

m DSU break factors (only available on the EVA device) 


Exception processing is basically the same as interrupt processing. When an exception is detected during instruction execu- 
tion, exception processing is performed. In general, exception processing occurs as a result of an unexpected operation. 
Therefore, use exception processing only for debugging programs or for activating recovery software in an emergency case. 


3.1.4 Direct memory access (DMA) 


DMA Function 


F°MC-16FX offers a DMA function to automatically transfer data between peripheral resources and memory upon an inter- 
rupt. 


The number of DMA channels is device dependent. 


When a DMA data transfer of a specified count is completed, an interrupt processing program is automatically executed on 
the original IRQ channel. The handling of such an interrupt by DMA completion is same as for standard type of hardware 
interrupts. 


For a detailed decription of DMA, please refer to DMA chapter on page 95. 
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3.2 Interrupt Vector 


Hardware and software interrupts use the same vector table. The execution of interrupt service routines can be triggered by 
asserting the specific IRQ line or by executing the INT instruction and specifying the number of the interrupt vector. Interrupt 
vectors are allocated between addresses as shown in Table 3-2. The location of the Interrupt vector table can be selected by 
the Table base register. 


3.2.1 Interrupt vector 


Interrupt Vector Table Base Register (TBR) 
Figure 3-1. Interrupt vector Table base register (TBR) 


15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 ~<— Bit No. 


Address: 
0x3A3, 0x3A2 TB23 | TB22 | TB21 | TB20 | TB19 | TB18 | TB17 | TB16 TB15 | TB14 | TB13 | TB12 | TB11|} TB10) - - TBRH, TBRL 


Read/Write: (RW) (R/W) (RW) (RIW) (RAW) (R/W) (RW) (RW) (RAW) (RAW) (RW) (RAW) (RAN) (RAW) (R)_—(R) 
Initial Value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 oO 0 


R: readable 
R/W: _ readable and writable 


The Table Base Register allows to relocate the interrupt vector table to any memory location in steps of 1 kBytes. 


The value of the TBR defines the most significant 14 bits TB[23:10] of the 24-bit start address of the interrupt vector table. 
The least significant bits of TB[9:0] are fixed to ’0’. 


The table base register TBR is initialized with FFFCy, at reset, which results in an initial table base TB = FFFCOOw. 


The interrupt vector table has a size of 1 kByte (256 vector entries). 
Table 3-1. Examples for TBR 


start address of Interrupt vector 
TBR value table (table base) end of Interrupt vector table 


FFFCy FF.FCOOH FF.FFFFH as F2MC-16LX (default) 
FBOO, FB.0000H FB.03FFH start of ROM bank FB 


OOFCy 00.FCOOH 00.FFFFH end of bank 00 (can be external memory) 
00104 00.1000H 00.13FFH inside of RAM-area 
0000, 00.0000H 00.03FFH do not use, because of IO-area 


Interrupt Vector Table 


The interrupt vector table referenced during interrupt processing is assigned to addresses 256*TBR to 256*TBR+3FFy, in 
memory. The reset defaults are from FFFC00,, to FFFFFF,, for the location of the vector table. If the vector table should not 
be located at top of ROM memory, another TBR value has to be configured. 


Hardware interrupts, exceptions and software interrupts share the same vector table. Hence the interrupt service routine can 
either be called by a hardware interrupt or by the corresponding software interrupt. 
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The three bytes of each start address of the interrupt service routines have to be written to the appropriate interrupt vectors 
(VecAddr = 4*(255-INT#) + 256*TBR). 


Table 3-2. Interrupt vector table 


Interrupt / Vector number Vector address geen gt ae an Hardware IRQ / Interrupt cause 
alia TB+3FCy, 
CALLV 0/1 (*1) 
nr TB+3F8, 
CALLV 2/3 (*1) 
NS TB+3F4,, 
CALLV 4/5 (*1) 
Ns TB+3F0, 
CALLV 6/7 (*1) 
nes TB+3ECy 
CALLV 8/9 (*1) 
mate TB+3E8, 
CALLV 10/11 (*1) 
me TB+3E4, 
CALLV 12/13 (*1) 
aes TB+3E0, 
CALLV 14 (*1) 
NTS TB+3DCy, Reset 
MODE — 


INT INTIS TB+3D8, 0 sn ginstruction instruction 


ere Ty Cd en ion | 
ES a 
ee ee 

InfaeSCS~*~idSSC*dSSSCSC“‘“~*s‘“iSSSC“‘“‘SNNCC“(#SNNNNNNNN 
fwrass—* TO OOSC—CSSOCSCSSCSCSCSY 


(*1) When the program bank register (PCB) is same as TBRH, the CALLV instruction vector area overlaps the vector table of 
the INT#0 to INT#7 instruction. Ensure that the CALLV instruction does not use the same address as that of the INT#0 to 
INT#7 instruction, or do not use INT#0 to INT#7. 
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3.3 Interrupt Control Registers (ICR) 


For each peripheral resource that has an interrupt function, there is an interrupt control register (ICR). The interrupt control 
register sets the interrupt level (IL) for the peripheral resource it is assigned to. 


3.3.1 Interrupt control register (ICR) 
Figure 3-2 is a diagram of the bit configuration of the interrupt control register. 


Figure 3-2. Interrupt control register (ICR) 


15 14 13 12 11 10 9 8 <=— Bit No. 


Address: 


0x3A1 IX7 | IX6 | IX5 | IX4 | IX3 | IX2 | IX1 XO ICR: IX 


Read/Write: (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Initial Value: 0 0 0 0 1 1 0 0 


7 <=— Bit No. 


6 5 4 3 2 1 0 
Address: : 
ca IL2 | IL1 | ILo ICR: IL 
Read/Write: (-) (-) ()  () (©) (RM) (RW) (RW) 

Initial Value: X X X x X 1 1 1 


=! no access 
R/W: readable and writable 


ICR [bits 15 to 8]: IX[7:0] Index of the interrupt level (IL) to be accessed 


These bits are readable and writable, and specify the index of the interrupt level of the corresponding internal resource. It 
selects the number of the interrupt level to be accessed. IL[n] belongs to the peripheral interrupt request number IRQ[n], 
which both are related to the interrupt INT[n]. 


The system interrupts INTO to INT11 have a fixed priority and thus have no interrupt levels. Writing to interrupt levels below 
the index of 12 has no effect, reading returns an undefined value. The same restriction applies for not available hardware 
interrupts above a device dependent maximum interrupt number. 


Figure 3-3 illustrates the access to level registers by the IX pointer. The dashed line around IX and the selected IL shows the 
actual contents of the ICR. 


Level configuration is written to or read from IL, where IX points to. To write the level configuration to a dedicated IL, specify 
the according index by writing IX before or simultaneously by word access. To read from a dedicated IL, IX must be written 
before reading IL. 


Caution for the use of concurrent tasks: 


In the case of concurrent tasks accessing the interrupt level information, be careful at the handling of the indexed access: 
m Use word access to write information to ICR:IX and ICR:IL simultaneously. 


m Atread access, set the index ICR:IX and read the whole ICR register using word access. Check the ICR:IX value to match 
the intended index to be read for validation of the correct ICR:IL entry. 


ICR [bits 7 to 3]: unused bits 
Read access returns an undefined value. 


Write always 0 to these bits. 
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ICR [bits 2 to 0]: IL[2:0] Interrupt level setting bits 


These bits are readable and writable, and specify the interrupt level of the corresponding internal resources. Upon a reset, 
these bits are initialized to level 7 (no interrupt). Table 3-3 describes the relationship between the interrupt level setting bits 
and interrupt levels. 


Table 3-3. Interrupt level setting bits and interrupt levels 


pe eet 
Ce ee a 0 (Strongest 

a CC 
os 


a NS ae 
foe Weakest) 
Cs ee Ec) 


Figure 3-3. Relationship between index (IX), level (IL) and IRQ number, example for IX = 20 


Pee ee ee a ee are 


ICR || 1x=20, | — IL16 <—— |RQI6 
eel aid okay ae IL17 <—— |RQ17 

ff IL18 <— Rais 

«| te Ie. | =——= IRQTS 
ao] awe 

ial ilas (ia Let ==——_ 1RQ21 
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3.4 Non Maskable Interrupt (NMI) 


The F2MC-16FX CPU has a non maskable interrupt. The feature of the external NMI pin can be enabled, it’s level can be 
defined and a flag to quit the NMI request is provided. 


3.4.1 NMI control status register (NMI) 


Figure 3-2 is a diagram of the bit configuration of the interrupt control register. 


Figure 3-4. NMI control status register (NMI) 


14 11 <=— Bit No. 
—s [-T- J] Joo] = fe 
0x3A5 FIX9 | LEV | EN |FLAG NMI 
Read/Write: (R/W) (R/W) (R/W1) (R/Wo) 
Initial Value: 0 1 0 X 
= no access 


R/W: readable and writable 
R/W!: readable, bit can be set only 
R/WO: readable, bit can be cleared only 


NMI [bits 15 to 10]: unused bits 
Read access returns an undefined value. 


Write always 0 to these bits. 


NMI [bit 11]: FIX9 - Fix the location of the INT9 vector. 
The FIX9 bit changes to an alternative location of the interrupt vector of INT9. 


If it is set to 1’, the interrupt vector is obtained from address OF:FFD8H. If it is set to ’0’ the INT9 vector location is defined by 
the TBR+3D8H. 


At reset the FIX9 bit is initialized to ’0’. 

The function is used by the firmware executed at device startup. Making the interrupt vector of INT9 independent from the 
TBR improves the reliability of the embedded debug support unit (EDSU). 

NMI [bit 10]: LEV - Signal activity level of the NMI pin. 


The LEV bit defines the signal activity level of the NMI pin. A value of ’1’ defines logic high active input, a value of ’0’ define 
logic low active input of the NMI pin. 


If the EN bit is not set, the LEV bit is readable and writable. If the EN bit is set, the state of LEV is locked. In that case LEV can 
only be read, writing to LEV with EN=’1’ has no effect. 


At reset the LEV bit is initialized to 1, thus the NMI pin is active high by default. 


NMI [bit 9]: EN - Non Maskable Interrupt feature enable bit 


The EN bit enables the feature to have a dedicated NMI pin. If EN is set to 0’ the device has no NMI. The CPU will not react 
on signal level change at the NMI input. The pin can be used for an other function or general purpose. If EN is set to ’1’, the 
NMI pin is enabled. The CPU branches to the NMI exception processing, if an active signal level is detected at the NMI pin 
(defined by the LEV bit). 
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If EN is set to 1’, both the LEV and EN bits are locked for writing. Neither the signal level can be changed nor the NMI can be 
disabled after the NMI feature was enabled once. Only a device reset can change the EN bit back to ’0’. 


At reset the EN bit is initialized to ’0’, thus the NMI feature is not enabled by default. 


The LEV and EN bits must not be activated at same time (changed using the same access). EN must be enabled individually 
at last. Otherwise, an NMI can be caused due to relaxation time of the spike filter. 


NMI [bit 8]: FLAG - Non Maskable Interrupt Flag 
The NMI FLAG stores an asynchronous event of the NMI occurrence at the NMI pin. 


A spike filter is used to filter out short pulses for spike suppression. The polarity of the pulses depends on the definition in the 
LEV bit. 


The NMI flag is set by the hardware event (NMI occurrence) and can be cleared by software to quit the interrupt. An interrupt 
is only caused, if both the EN bit and FLAG are set. 


The NMI FLAG can be read and cleared. Writing 1’ to FLAG is ignored. 
The NMI FLAG is undefined after reset. Before enabling the NMI, this flag should be cleared. 
For bit manipulation, an RMW-read operation returns always ’1’ for this flag. 


Figure 3-5. Operation of the NMI control/status register 


OEN 
NMI LEV 


lock function 
e 


16FX Bus [10] OEN 
= NMI EN 
[8] [9] 


CLKB NMI to CPU 
Synchronization 
Y 
NMI pin level selection ASET 
———_ >| . 2 
and spike filter NMI FLAG 
SCLR Oy Wakeup 
1 
ASET: asynchronous set 
SCLR: synchronous clear SLEEP || STOP || TIMER 
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3.5 Interrupt Flow 


Figure 3-7 shows the interrupt flow. 


35.1 Interrupt flow 


Interrupts 


The interrupt processing flow is entered at occurrence of hardware interrupts, software interrupts or exceptions. For a detailed 


interrupt flow chart see Figure 3-7. 
The CPU special registers are saved on the stack before the interrupt is processed (see Figure 3-6). 


Figure 3-6. Register saving during interrupt processing 


pee Word (16 bits) au 
H 
‘ ~— SSP (value before interrupt) 
AH 
AL 
DPR ADB SSP 
DTB PCB 
PC 
| PS <— SSP (value after interrupt) 
L 


At the end of the interrupt processing, the context of the CPU registers is restored while executing the RET] instruction. The 


CPU returns to normal program execution. 
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Figure 3-7. Interrupt flow 
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3.6 Hardware Interrupts 


In response to an interrupt request signal from an internal resource, the CPU pauses current program execution and transfers 
control to the interrupt processing program defined by the user. 


3.6.1 Hardware interrupts 


A hardware interrupt occurs when the relevant conditions are satisfied as a result of two operations: 


m™ comparison between the interrupt request level (IL) and the value in the interrupt level mask register (ILM) of PS in the 
CPU, and 


m hardware reference to the | flag value of PS. 


The CPU performs the following processing when a hardware interrupt occurs: 

m Saves the values in the PC, PS, AH, AL, PCB, DTB, ADB, and DPR registers of the CPU to the system stack. 
m The S flag is set. 

m Sets ILM in the PS register. The currently requested interrupt level (IL) is automatically set. 

m Fetches the corresponding interrupt vector and branches to the processing indicated by that value. 


If the device is in standby mode, a hardware interrupt with IL<7 generates a wake-up event to the clock and mode control unit. 


3.6.2 Structure of the hardware interrupt system 

The interrupt status is indicated by internal resources, the ICR for the interrupt controller, and the PS value of the CPU. To 

use a hardware interrupt, make the following set-up: 

m Interrupt vector (in memory) 

a Consider the TBR value for a non-default location of the vector table. 

og The start address of the interrupt service routine has to be written to the appropriate interrupt vector (VecAddr = 
4*(255-INT#) + 256*TBR). 

m Peripheral resource 


q Use the Interrupt enable and request bits to control interrupt requests from peripheral resources. 

mg = Interrupt controller 

q Assign interrupt levels (ICR:IL) for each interrupt, which can occur. 

a If interrupts occur simultaneously, a higher priority is defined by lower interrupt levels. IL=7 disables the interrupt. 


og If multiple requests are at the same level, the interrupt controller selects the request with the lowest interrupt number. 
In the case of same levels configured, the delayed interrupt has the lowest priority, independent from its interrupt num- 
ber. 


og There is a fixed relationship between the interrupt requests and the ILs. A level can be defined by IL[n] for each hard- 
ware interrupt request IRQ[n] (for n >= 12). 

m CPU 

q ILMand|1in the PS register are used to compare the requested interrupt level (IL) with the current interrupt level mask 
(ILM) and to identify the interrupt enable status (I). For acceptance of hardware interrupts, the | flag has to be set and 
ILM has to be larger than IL. 

q During interrupt processing, the CPU saves 12 bytes to the memory area indicated by SSB and SSP. Thus the system 
stack pointer has to be initialized before using interrupts. 

oq The CPU fetches three bytes of the interrupt vector and loads them onto PC and PCB. The interrupt handler routine 
has to start at this location. As a result, the interrupt processing program defined by the user is executed next. Normal 
operation is resumed at execution of the RETI instruction. 


3.6.3 Hardware interrupt operation 


Interrupt requests (IRQs) from peripheral resources are fed through the DMA controller before connecting to the interrupt con- 
troller. The DMA controller decides depending on it’s channel configuration (DMA interrupt request select register DISEL and 
DMA enable DER:ENx bit), if the IRQ is handled by DMA transfer or passed to the interrupt controller. DMA transfers are 
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accepted regardless of the status of the | flag and the interrupt level. The DMA controller has a fixed priority scheme, channel 
0 has highest priority and channel 15 has lowest priority. 


Figure 3-8 shows the processing flow from the occurrence of a hardware interrupt to the release of the interrupt request in an 
interrupt processing program. 


Figure 3-8. Occurrence and release of hardware interrupt 
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a If the evaluation is true, the transfer is handled by DMA (3a). If the evaluation is false, interrupt processing is done by 
the interrupt controller, proceeding with step 4. 


q Atthe end of the DMA transfer, the interrupt bit is cleared in the peripheral (3b). 

q If the final transfer count is reached, the DMA completion interrupt is processed by the interrupt controller. 

The interrupt controller receives the interrupt request. 

The interrupt controller determines the priority levels of simultaneously requested interrupts. 

The interrupt controller transfers the highest priority interrupt level and the corresponding interrupt number to the CPU. 
The interrupt level requested by the interrupt controller is compared with the ILM value of the processor status register. 


If the comparison shows that the requested level is lower than the current interrupt processing level (IL<ILM), the | flag 
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a Then control is transferred to the interrupt processing routine (branch to the address read as interrupt vector). 


10. When the interrupt cause of step 1 is cleared by software in the user interrupt processing routine, the interrupt request is 
completed. 


11. The RETI instruction is used to return from the interrupt processing routine as its last instruction. 
12. The CPU status is restored from system stack and normal program execution is resumed. 


3.6.4 Hardware interrupt processing time 


The time required for the CPU to execute the interrupt processing (stack operation, interrupt vector fetch, branch to the inter- 
rupt vector) is shown below. The value is valid if stack operation and interrupt vector fetch are executed without any wait 
cycles. 


m Interrupt start: 10 cycles + c 
mg Interrupt return: 9 cycles + c (RETI instruction) 


Table 3-4. Compensation values (c) for interrupt processing cycle count 


Address indicated by the stack pointer Compensation value 


intemal area, even-numbered address re oa 
intemal area, odd-numbered address 


In addition wait cycles for bus transfers have to be added, if any (e.g. access to vector table in slower ROM memory or exter- 
nal area). 


3.7 Software Interrupts 


In response to execution of a special instruction, control is transferred from the program currently executed by the CPU to the 
interrupt processing program defined by the user. This is called the software interrupt function. A software interrupt occurs 
always when the software interrupt instruction is executed. 


3.741 Software interrupts 


A software interrupt request issued by the INT instruction has no interrupt request or enable flag. A software interrupt request 
is always issued and accepted by executing the INT instruction. 


The INT instruction does not have an interrupt level. Therefore, the INT instruction does not update ILM. The INT instruction 
clears the | flag to suspend subsequent hardware interrupt requests. 

The CPU performs the following processing when a software interrupt occurs: 

m Saves the values in the PC, PS, AH, AL, PCB, DTB, ADB, and DPR registers of the CPU to the system stack. 

m The S flag is set. 

m Clears | in the PS register. Hardware interrupts are automatically disabled. 

m Fetches the corresponding interrupt vector and branches to the processing indicated by that value. 


O72 Structure of the software interrupt system 


Software interrupts are fully handled within the CPU. To use a software interrupt, make the following set-up: 

m Interrupt vector (in memory) 

q Consider the TBR value for a non-default location of the vector table. 

a The start address of the interrupt service routine has to be written to the appropriate interrupt vector (VecAddr = 
4*(255-INT#) + 256*TBR). 

m CPU 


a During interrupt processing, the CPU saves 12 bytes to the memory area indicated by SSB and SSP. Thus the system 
stack pointer has to be initialized before using interrupts. 
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a The CPU fetches three bytes of the interrupt vector and loads them onto PC and PCB. The interrupt handler routine 
has to start at this location. As a result, the interrupt processing program defined by the user is executed next. Normal 
operation is resumed at execution of the RETI instruction. 


3.7.3 Software interrupt operation 


When the CPU fetches and executes the software interrupt instruction, the software interrupt processing sequence is acti- 
vated. The software interrupt processing sequence saves 12 bytes (PS, PC, PCB, DTB, ADB, DPR, and A) to the memory 
area indicated by SSB and SSP. The sequence then fetches three bytes of interrupt vector and loads them into PC and PCB, 
resets the | flag, and sets the S flag. Then, the sequence performs branch processing. As a result, the interrupt processing 
program defined by the user application program is executed next. 


Figure 3-9 illustrates the flow from the occurrence of a software interrupt until the return from the interrupt processing pro- 
gram. 


Figure 3-9. Occurrence and release of software interrupt 
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a The! flag is cleared to disable hardware interrupts (2c). 

a The interrupt vector is fetched. 

a Then control is transferred to the interrupt processing routine (branch to the address read as interrupt vector). 
The Interrupt service routine is processed by the CPU. 

The interrupt processing is completed with the RETI instruction in the user interrupt processing routine. 
The CPU restores its context of special registers from system stack. 
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3.8 Multiple interrupts 


The F°MC-16FX CPU supports multiple interrupts (Simultaneous occurring interrupts and nested interrupt processing). 


3.8.1 Multiple hardware interrupts 


If an hardware interrupt of a higher priority (lower level value) occurs while another interrupt is being processed, control is 
transferred to the higher priority interrupt after the currently executing instruction is completed. After processing of the higher 
priority interrupt is completed, the original interrupt processing is resumed. 


An interrupt of the same or lower priority may be generated while another interrupt is being processed. If this happens, the 
new interrupt request is suspended until the current interrupt processing is completed, unless the ILM value or | flag is 
changed by an instruction. 


A DMA transfer cannot be interrupted and activated from multiple sources. While a DMA transfer is being processed, all other 
DMA requests are suspended. At simultaneous occurrence of requests for the DMA controller, the lowest channel number is 
processed first. 


For a detailed description of DMA, please refer to DMA chapter on page 95. 


3.8.2 Multiple software interrupts 


Software interrupts can not occur simultaneously. They are entered by executing the INT instruction and are always 
accepted. However, if an INT instruction is placed within an interrupt service routine, nested execution of software interrupts 
is possible. 
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Following table lists all interrupts with conditions for their acceptance. 


Interrupt acceptance priority 


Table 3-5. Control of interrupt acceptance priority 


Instruction Break (VEIB) 
system reserved 


INT# Level 


= 
= 


Current instruction execution is finished, 
ILM>2 || P == 


Current instruction execution is finished, string 
instruction is interrupted, 
ILM>2 || P == 1 


Tool Break (VENMI) 
system reserved 


U 
De) 


a U U 


Current instruction execution is finished, string 
instruction is interrupted, 
ILM>4 || P == 


Current instruction execution is finished, string 
instruction is interrupted, 
ILM>6 || P == 


Address match detection 
(HW-INT9) 


Current instruction execution is finished, string 
instruction is interrupted, 
ILM > IL 
P==1 

== 
For multiple requests with same IL, smallest IRQ 
number is accepted. 


Peripheral IRQ 


Hardware event 


Current instruction execution is finished, string 
instruction is interrupted, 

ILM > IL 

Ps=1 

| == 


No peripheral IRQs pending with same IL. 


= 
ie} 
fa 


Delayed INT 


Software Instruction Break 
(INTE) 
system reserved 


INT9 


10 Undefined instruction excep- 
tion 


INT instruction 


U 
nh 


always accepted 


RETI instruction 


Software event (Instruction) 


on 


IL and ILM: Interrupt level and mask 

|: Interrupt enable flag (Peripheral type interrupts) 
S: System stack flag 

P: Privileged mode flag (bit 7 of CCR, PS) 
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Acceptance condition Action, if accepted 


P=0 
ILM =2 


Save CPU status 
to system stack 


S=1 


Branch to interrupt 
vector 


restore CPU status 
(including P, |, S, ILM) 
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Following table defines the naming of the interrupt levels, its corresponding P flag and ILM values. It also lists the interrupt 
cause, which can request the interrupt level. 


Table 3-6. Interrupt levels 


ILM value Used by 


Priviledged mode 


HW-INT9 


a es Peripherals 
User mode 

Ce Ce 

Ce Ce 

Ce (es 


3.9 Exceptions 


The F*MC-16FX performs exception processing at occurrence of various software and hardware events. 


3.9.1 Software exceptions (op-code) 


Software exceptions are always accepted. Same as software interrupts, software exceptions disable any hardware interrupt 
acceptance. The software exceptions occur at code execution of following specific op-codes: 


3.9.1.1 Execution of an undefined instruction 


All codes that are not defined in the instruction map are handled as undefined instructions. When an undefined instruction is 
executed, processing similar to the INT #10 software interrupt instruction is performed. Specifically, the PC value saved in the 
stack is the address at which the undefined instruction is stored. Processing can be restored by the RETI instruction, however 
it is of no use, because the same exception occurs again. 


PCB)<-Vector #10 address (upper byte) 


Operation: 

(SSP)<-(SSP)-2, ((SSP))<-(AH) 
(SSP)<-(SSP)-2, ((SSP))<-(AL) 
(SSP)<-(SSP)-2, ((SSP))<-(DPR):(ADB) 
(SSP)<-(SSP)-2, ((SSP))<-(DTB):(PCB) 
(SSP)<-(SSP)-2, ((SSP))<-(PC) 
(SSP)<-(SSP)-2, ((SSP))<-(PS) 

(S)<-1, (I)<-0 

( 

( 


PC)<-Vector #10 address (lower word) 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 91 


Su CYPRESS 


Interrupts “eu” «= EMBEDDED IN TOMORROW 


3.9.1.2 INT9 


This instruction branches to the interrupt processing routine indicated by vector #9. Executing the RETI instruction in the 
interrupt routine restores the processing subsequent to the INT9 instruction. 


Operation: 

(SSP)<-(SSP)-2, ((SSP))<-(AH) 
(SSP)<-(SSP)-2, ((SSP))<-(AL) 
(SSP)<-(SSP)-2, ((SSP))<-(DPR):(ADB) 
(SSP)<-(SSP)-2, ((SSP))<-(DTB):(PCB) 
(SSP)<-(SSP)-2, ((SSP))<-(PC)+1 
(SSP)<-(SSP)-2, ((SSP))<-(PS) 

(S)<-1, (I)<-0 

(PCB)<-Vector #9 address (upper byte) 
(PC)<-Vector #9 address (lower word) 


3.9.1.3 INTE (System reserved, only available with DSU) 


INTE is used to insert a software break point for the debug system, using the in circuit emulator (ICE). At insertion of a soft- 
ware instruction break, the first byte of the original instruction is replaced by INTE. 


This instruction branches to the interrupt processing routine indicated by a fixed vector defined by the DSU. The PC value 
saved in the stack is the address at which INTE is stored. Executing the RETI instruction in the interrupt routine restores the 
processing at this location (INTE can be replaced by the original instruction at removal of the software break point). 


The privileged mode flag (P flag) is cleared and the ILM register is set to 2 (enters level P2). This disables all hardware inter- 
rupts and exceptions. The P flag and ILM are restored at execution of the RETI instruction. 


S)<-1, (I)<-0, (P)<-0, (ILM)<-2 
PCB)<-Fixed vector from DSU (upper byte, 00,4, address is ignored by DSU) 


Operation: 

(SSP)<-(SSP)-2, ((SSP))<-(AH) 
(SSP)<-(SSP)-2, ((SSP))<-(AL) 
(SSP)<-(SSP)-2, ((SSP))<-(DPR):(ADB) 
(SSP)<-(SSP)-2, ((SSP))<-(DTB):(PCB) 
(SSP)<-(SSP)-2, ((SSP))<-(PC) 
(SSP)<-(SSP)-2, ((SSP))<-(PS) 

( 

( 


(PC)<-Fixed vector from DSU (lower word, 0400}, address is ignored by DSU) 


Without the DSU, INTE is handled same as the undefined instruction exception. Interrupt vector #10 is referenced. The P flag 
is not cleared and ILM is not updated. 


3.9.2 Hardware exceptions (non maskable interrupts) 


Hardware exceptions are external events, which are not maskable by any software instruction. Hardware exceptions with a 
higher level number, than the actual processed one, are suspended until execution of the RETI instruction restores the previ- 
ous level. In addition, hardware exceptions disable any hardware interrupt acceptance. 
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At occurrence of multiple hardware exceptions at the same time, they will be accepted with following priority: VEIB > VENMI 
> NMI > HW-INT9. If the current interrupt level mask and P flag setting allows it, hardware exceptions are accepted at the end 
of each instruction execution and during execution of string instructions. 


3.9.2.1 HW-INT9 


HW-INT9 is used by the address match detection function. With that function embedded debug support (operand address 
break or data value break) or a simple memory protection can be provided. 


The privileged mode flag (P flag) is cleared and ILM is set to 6 (enters level P6). This disables all hardware interrupts from 
peripherals. The P flag and ILM are restored at the execution of the RETI instruction. 


Operation: 
(SSP)<-(SSP)-2, ((SSP) 
(SSP)<-(SSP)-2, (( ) 
(SSP)<-(SSP)-2, ((SSP) 
(SSP)<- )-2, ((SSP) 
(SSP)<-(SSP)-2, (( ) 
(SSP) 
( 1 
( 
( 


B 
n 


( 
( 
( 
( 
( 
( 


SSP)<-(SSP)-2, ((SSP))<-(PS) 
S)<-1, (P)<-0, (ILM)<-6 
PCB)<-Vector #9 address (upper byte) 


PC)<-Vector #9 address (lower word) 


i ac ad NMI 


NMI provides external hardware exception handling. 


The privileged mode flag (P flag) is cleared and ILM is set to 4 (enters level P4). This disables all hardware interrupts from 
peripherals and the HW-INT9. The P flag and ILM are restored at execution of the RETI instruction. 


Operation: 

(SSP)<-(SSP)-2, ((SSP))<-(AH) 
(SSP)<-(SSP)-2, ((SSP))<-(AL) 
(SSP)<-(SSP)-2, ((SSP))<-(DPR):(ADB) 
(SSP)<-(SSP)-2, ((SSP))<-(DTB):(PCB) 
(SSP)<-(SSP)-2, ((SSP))<-(PC) 
(SSP)<-(SSP)-2, ((SSP))<-(PS) 

(S)<-1, (P)<-0, (ILM)<-4 

(PCB)<-Vector #11 address (upper byte) 
(PC)<-Vector #11 address (lower word) 
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3.9.2.3 Tool break (VENMI, system reserved, only available with DSU) 
VENMI is provided for debugging with DSU. It implements various break factors. 


The privileged mode flag (P flag) is cleared and ILM is set to 2 (enters level P2). This disables all hardware interrupts and 
exceptions. The P flag and ILM are restored at execution of the RETI instruction. 


S)<-1, (P)<-0, (ILM)<-2 
PCB)<-Fixed vector from DSU (upper byte, 004, address is ignored by DSU) 


Operation: 

(SSP)<-(SSP)-2, ((SSP))<-(AH) 
(SSP)<-(SSP)-2, ((SSP))<-(AL) 
(SSP)<-(SSP)-2, ((SSP))<-(DPR):(ADB) 
(SSP)<-(SSP)-2, ((SSP))<-(DTB):(PCB) 
(SSP)<-(SSP)-2, ((SSP))<-(PC) 
(SSP)<-(SSP)-2, ((SSP))<-(PS) 

( 

( 


(PC)<-Fixed vector from DSU (lower word, 0400}, address is ignored by DSU) 


3.9.2.4 Instruction break (VEIB, system reserved, only available with DSU) 


VEIB is provided for debugging with DSU. It implements the instruction break before execution. Opposed to other hardware 
exceptions, VEIB is not accepted during execution of a string instruction. 
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This chapter explains the DMA functions and operations. 
4.1 Overview 


4.2 DMA Registers 

4.3 DMA Descriptor 

4.4 DMA Controller Operation 
4.5 Examples of DMA transfers 


4.1 Overview 


DMA enables automatic data transfer between memory and memory/peripheral resource registers or vice versa without inter- 
action of the CPU. DMA replaces 16LX family’s El?OS while offering the extended functionality at higher performance. 


This section describes the DMA functions. 


4.1.1 DMA compared to interrupt handling: 


DMA has the following advantages compared to handling the transfer via interrupt (see Figure 4-1): 

m DMAreduces CPU processing load for interrupt handling 

m= No CPU register is used for the transfer, eliminating the need for register saving, which increases the transfer speed. 
m The CPU bus is only used for the transfer operation itself. As consequence, the transfer speed is increased. 
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Figure 4-1. Comparison of interrupt handling by CPU and by DMA (principle only, number of clock cycles may differ 
depending on the program code) 


Case A: Interrupt handling and data transfer by CPU 
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(During this time CPU may execute code from the prefetch queue) 


4.1.2 DMA functions 


The DMA controller has the following functions: 

m Automatic data transfer between peripheral resources (I/O) and memory 

m CPU bus allocation during DMA transfer 

m Upto 16 DMAtransfer channels with fixed priority scheme (the smaller the DMA channel number, the higher the priority of 
the request). 


a Allow selection of whether or not to increment or decrement the transfer source and destination addresses (the buffer 
address may either be incremented, decremented or left unchanged; the I/O register address may either be incremented 
or left unchanged). 


m= DMAtransfer can be started by a selectable peripheral resource interrupt (hardware IRQ). 
m The DMA transfer is controlled by: 
a The DMA Enable Register (DER, bits 0...15) 
a The DMA interrupt select registers (DISEL 0 ... 15) 
The DMA Stop Status Register (DSSR, bits 0...15) 
a The DMA Status Register (DSR, bits 0...15) 
a The DMA descriptors (8 byte each; DCT, IOA, DMACS, BAP) 


a The DMA IOA bank registers (IOABK)! 
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a DMAtransfer can be stopped upon an error condition in the peripheral resource. 


oq Atthe end of a DMA transfer, processing automatically branches to the according interrupt service routine of the 
peripheral resource. 


4.1.3 Structure 


If enabled, the DMA controller serves interrupt requests of peripheral resources before they are passed to the interrupt con- 
troller. The structure of the interrupt system can be understood in that way, that the DMA controller is placed between the 
peripheral resources (IRQ sources) and the interrupt controller (see Figure 3-8 on page 86). 


I/O service by DMA is handled by the following units: 


Peripheral resources 

a sIF, IE: Interrupt flag and enable bits are used to control interrupt requests from resources (IRQ = IF && IE). 

DMA controller 

og DER and DISEL enable the DMA operation for a selected interrupt request. If DMA operation is not enabled, the 

request is passed to the interrupt controller. 

og Transfer information is stored in the DMA descriptors (data count, I/O address pointer, Buffer Address Pointer and 

control information) and the IOA bank registers. 

o The DMA controller processes the request (data transfer from/to peripheral) and clears the interrupt flag in the periph- 
eral resource. 

a The DMAcontroller identifies its status (DSR) and indicates, if a stop condition has occured (DSSR). In case of DMA 
is stopped or completed, an interrupt is issued to the interrupt controller. 


Interrupt controller 

q The interrupt controller handles the interrupt due to completion or cancellation of DMA. 

a The ICR assigns interrupt levels, which determine the priority levels of simultaneously requested interrupts. 

CPU 

q land ILM are used to compare the requested and current interrupt levels and to identify the interrupt enable status. 
gif the interrupt level is accepted, the CPU handles the interrupt request. 


1. 


IOA bank registers are not available for all devices. Please refer to the Datasheet. 
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The DMA controller has three registers (DER, DSR, DSSR, 


interrupt (DISEL, one byte for each DMA channel). 


a 
was 
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each with one bit per DMA channel) and one register to select the 


The DMA descriptor is used to set-up the DMA transfer. It is explained in section 4.3 DMA Descriptor. 


DMA Register list 
Figure 4-2. DMA Register list 


Address: 7 6 5 4 38 2 4 0 


7 6 5 4 3 2 1 0 


0x381, 0x380 | is7 | ise | iss | is4 | is3 | ise | ist | Iso is7 | ise | iss | 1s4 | isa | ise | ist | tgo | DISEL1, DISELO 


R/W R/W R/W R/W RW RWW R/W RW 
Initial Value: 0 0 0 0 1 1 0 0 


Address: 7 6 5 4 3 2 1 0 


RW R/W R/W R/W RW RW RWW R/W 
0 0 0 Oo. 41 1 0 0 


Ox38F, Ox38E | Is7 | Is6 | Iss IS4 1S3 Is2 | ISt ISO 


DISEL15, DISEL14 


IS7 IS6 IS5 IS4 IS3 IS2 1S1 ISO 


RW R/W R/W R/W R/W RW RWW R/W 
Initial Value: 0 0 0 0 il 1 0 0 


Address: 726 8 AB et 


0x391, 0x390 | ptE15| pTE14 | DTE13 | DTE12| DTE11 | DTE10| DTE9 | DTES 


R/wo R/Wo R/WO R/WO R/WO R/WO R/WO R/WO 
Initial Value: 0 0 0 0 0 0 0 0 


Address: 7 6 5 4 38 2 1 0 


RW R/W R/W RAW RW RW RWW R/W 
0 0 0 0 1 1 0 0 


uh 6 5 4 3 2 1 0 


DTE7 | DTE6 | DTES | DTE4 | DTES3 | DTE2 | DTE1 | DTEO 


R/wo R/Wo R/Wo R/WO R/WO R/WO R/WO R/WO 
0 0 0 0 0 0 0 0 


DSRH, DSRL 


7 6 5 4 3 2 1 0 


0x393, 0x392 | stpis|stP14|sTP13|sTP12|sTP11|STP10| sTP9 | STPS 


DSSRH, DSSRL 


STP7 | STP6 | STP5 | STP4 | STP3 | STP2 | STP1 | STPO 


RAW RW RW RW RW RW RW RW 
Initial Value: 0 0 0 0 0 0 0 0 


Address: 7 6 5 4 3 2 1 0 


R/IW R/W R/W RW R/W RWW RW R/W 
0 0 0 0 0 0 0 0 


0x395, 0x394 | ents | EN14 | EN13 | EN12 ] EN11 | EN10 | ENO | ENB 


EN7 | ENe | ENS EN2 | Eni | ENo | DERH, DERL 


RWW RW RW RW RW RW RW RW 
Initial Value: 0 0 0 0 0 0 0 0 


RW R/W R/W RAW RW RW RW R/W 
0 0 0 0 0 0 0 0 


R: : Readable 
R/W: : Readable & writable 
: Readable & clearable (write 0 accepted, write 1 ignored 


R/WO: 


Note for channels not available on the device: 


: No access; read returns undefined value, write has no effect 


At read operation, not available DSR, DSSR and DER bits return undefined value. 


At read operation, not available DISEL registers return undefined value. 


Write ’0’ to not available bits/registers. 
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4.2.1 DMA Interrupt Request Select Register (DISEL) 


Each DMA channel has one Interrupt Request Select Register (DISELO ... DISEL15). This register defines which IRQ number 
is used to trigger the DMA transfer on this channel. 


4.2.1.1 DMA Interrupt Request Select Register (DISEL) 
Figure 4-3. DMA Interrupt Request Select Register (DISEL) configuration 


02 01 =— BitNo. 


07 04 
vite [= |=] =] s [=| ]m 
0x380...38F IS7 IS6 IS5 IS4 IS3 IS2 DISELO...15 
Read/Write: (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Initial Value: 0 0 0 0 1 1 0 0 


R/W: | readable and writable 


[bit 7 to 0] IS: Interrupt select 


For each DMA channel a DISELx register exists, which defines the IRQ number to trigger the DMA transfer on this channel. 
The valid range of the selectable IRQ number is from Ox0C (12) to a device dependent maximum number. Only hardware 
interrupts can trigger DMA operation. 


Note: 

DISEL can be read and written. 

The DISEL register is initialized to OxOC (12) at reset. 

At read operation, DISEL registers of not available channels return undefined value. 
Write ’0’ to DISEL registers of not available channels. 

Do not configure the same interrupt number in more than one enabled DMA channel. 


When updating a DISEL register ensure that the associated IRQ is deactivated or the DMA channel is disabled. 
4.2.2 DMA Status Register (DSR) 
This section describes the DMA Status Register (DSR). 


4.2.2.1 DMA Status Register (DSR) 
Figure 4-4. DMA Status Register (DSR) configuration 


11 1 07 06 05 04 03 02 01 00 ~<— Bit No. 


14 0 
0| DTE9 | DTE8 DTE7 | DTE6 | DTES | DTE4 | DTE3 | DTE2|DTE1|DTEO} DSRH, DSRL 


Read/Write: (R/O) (R/WO) (R/Wo) (R/Wo) (R/WO) (R/WO) (R/WO) (R/WO) —_(R/WO) (R/WO) (R/WO) (R/WO) (R/Wo) (R/WO) (R/WO) (R/WO) 
InitialValue. O08 OF 0 0 0 0 0 0 ©O 0 0 60 0 0 0 0 


Address: 
0x391, 0x390 


R/WO: readable and clearable (write 0 accepted, write 1 ignored) 
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[bit 15 to 0] DTEx: Data Transfer End interrupt request 


For each DMA channel a DTE bit exists, which indicates the end of the data transfer. This could be the case if the Data Count 
Register (DCT) reaches 0 or if a stop request from a peripheral resource is asserted. With setting a DTE bit by the hardware 
of the DMA controller, an interrupt is requested. 


DTExbit Function 


0 
[Initial value] Indicates no interrupt request present for channel x. 
nitial value 


{ Indicates that DMA transfer is completed or stopped and an interrupt is requested. If DTEx is 
set the DMA transfer is disabled on this channel. 


Note: 

Read access returns the status of all DTE bits of available channels in DSR. 
At read operation, DTE bits of not available channels return undefined value. 
A RMW-read instruction returns all DTE bits set to ’1’. 

This bit is set by hardware only. Writing '1’ to this bit is ignored. 

Writing ’0’ clears this bit. 


Write ’0’ to DTE bits of not available channels. 
4.2.3 DMA Stop Status Register (DSSR) 
This section describes the DMA Stop Status Register (DSSR) 


4.2.3.1 DMA Stop Status Register (DSSR) 
Figure 4-5. DMA Stop Status Register (DSSR) configuration 


11 1 07 «#6006— i05si‘aiHCisiRstié‘iOH 00 ~<— Bit No. 
Address: 


14 0 
0393, 0xgg2 [STPIS|STP14|STPI13 seepele STP7 | STP6 | STP5 | STP4| STP3| STP2|STP1|STPO| DSSRH, DSSRL 


Read/Write: — (R/WO) (R/W0) (R/W0) (R/W0) (R/W0) (R/W0) (R/WO0) (R/W0) =~ (R/W0) (R/W0) (R/W0) (R/W0) (R/W0) (R/WO) (R/W0) (R/WO0) 
Initial Value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


R/WO: readable and clearable (write 0 accepted, write 1 ignored) 


[bit 15 to 0] STPx: DMA Stop Status: occurrence of stop request 


| STPxbit bit 


No STOP request occurred ee DMA transfer on channel x, or STOP request was not enabled by 
ae value] the DMACS:SE bit. 


Indicates that DMA transfer stopped due to STOP request issued by the peripheral resource during 
DMA transfer. 


Note: 
Read access returns the status of all STP bits of available channels in DSSR. 
At read operation, STP bits of not available channels return undefined value. 


A RMW-read instruction returns all STP bits set to ’1’. 
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This bit is set by hardware only. Writing ’1’ to the bit is ignored. 
Writing ’0’ clears the bit. 
Write ’0’ to STP bits of not available channels. 


All DMA channels support the STOP request, however not all IRQ sources (peripherals) provide this feature. 
4.2.4 DMA Enable Register (DER) 
This section describes the DMA Enable Register (DER). 


4.2.4.1 DMA Enable Register (DER) 
Figure 4-6. DMA Enable Register (DER) configuration 


14 ib 10 08 07 04 02 01 <— Bit No. 
Address: 
Read/Write:  (R/W) (R/W) (RW) (RW) (RW) — (RAW) (RAV) (RAW) (RAV) (RAV) (RAV) (RAV) (RAW) 
Initial Value: 0 0 YD 0 — 0 YD 0 0 0 0 0 0 0 0 0 


RW: _ readable and writable 


[bit 15 to 0] ENx: DMA Enable 


0 The interrupt request from the resource is not processed as a DMA start request, but it is passed to 
[Initial value] the interrupt controller. 


The interrupt request from the resource is processed as a DMA start request. In consequence, the 
1 interrupt is handled by the DMA controller. At completion of the DMA transfer (DCT reaches 0) or 
stop request from peripheral, the interrupt request is output to the interrupt controller. 


Note: 

The register can be read and written. 

At read/RMW-read operation, EN bits of not available channels return undefined value. 
Write ’0’ to EN bits of not available channels. 


Before entering any standby mode these bits must be cleared to zero. Otherwise interrupts associated to these DMA chan- 
nels cannot be used for wakeup. 


Do not change the configuration of a DMA channel, if its EN bit is set. 
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4.3 DMA Descriptor 


For each DMA channel the DMA descriptor consists of 8 bytes. In addition each DMA channel offers 1 byte for extended con- 
figuration. DMA descriptor and extended configuration are used to set up a DMA transfer. 


Configuration of DMA Descriptors and Extended Configuration 


Each DMA channel has its own DMA descriptor of 8 bytes and the extended configuration register IOABK. The DMA descrip- 
tors are located from addresses 000100}, to 00017F\,. The extended configuration registers are located from O00A00,, to 


OOOA0Fy. The following table shows the relation of DMA channels to the descriptor and extended configuration addresses. 


The descriptor and extended configuration areas of not available channels are not accessible. Write ’0’ to the descriptor area 
of not available channels. Read access returns undefined values. 


Before changing the configuration of a DMA channel it has to be ensured that the associated IRQ is deactivated. Alternatively 
the EN bit of the channel to be updated must be cleared. 


Table 4-1. Relation of DMA channel numbers to DMA descriptor and DMA extended configuration addresses 


The structure of each channel is as shown in Figure 4-7. 
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Figure 4-7. DMA Descriptor and Extended Configuration 


Address: Extended Configuration Access Initial value: 


0x000A00 + ch Bank select of I/O register address pointer (IOABK) (R/W) 0 


DMA Descriptor 


R/W: readable and writable 


The terms "ch" and "8*ch" define the address offsets of the descriptors and extended configuration, depending on the channel 
index "ch". 
Each Register of DMA Descriptor 


Each register contained in the DMA descriptor and extended configuration is explained in the following sections. The DMA 
descriptor registers must be initialized before setting DER:ENx to ’1’ because their initial values are undefined. The extended 
configuration registers are initialized at reset. 


4.3.1 DMA IO Address Pointer Bank Select (IOABK)' 


Each DMA channel has one IO Address Pointer Bank Select Register (IOABKO ... IOABK15). This register defines which 
bank is used to address the IO space during DMA transfer. 


1. IOA bank registers are not available for all devices. Please refer to the Datasheet. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 103 


SCYPRESS 


DMA SS EMBEDDED IN TOMORROW 


4.3.1.1 DMA IO Address Pointer Bank Select Register (IOABK) 
Figure 4-8. DMA IO Address Pointer Bank Select Register (IOABK) configuration 


07 0: 02 01 <=— BitNo. 


4 
Address: 
OxA00...AOF BK7 | BK6 | BK5 | BK4 | BK3 | BK2 | BK1 | BKO IOABKO...15 


Read/Write: (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (RW) 
Initial Value: 0 0 0 0 0 0 0 0 


R/W: _ readable and writable 


[bit 7 to 0] BK: Bank select 


For each DMA channel an IOABKx register exists, which defines the bank address for IO register addressing during DMA 
transfer on this channel. 


Note: 

IOABK can be read and written. 

The IOABK register is initialized to 0x00 at all resets. 

At read operation, IOABK registers of not available channels return undefined value. 
Write '0’ to IOABK registers of not available channels. 


During DMA transfer IOABK remains constant. A transfer across multiple banks is not possible. 


4.3.2 Data Count Register (DCT) 
This section describes the Data Count Register (DCT). 


4.3.2.1 Data Count Register (DCT) 


The Data Count Register (DCT) is a 16-bit register to store the number of bytes to be transferred. After each data transfer, the 
Data Count Register is decremented by 1 at byte transfer or by 2 at word transfer. 


When “0” is set to DCT, the maximum data transfer count (65536 bytes) is set. 
When the Data Count Register becomes “0”, DMA transfer ends. 

Figure 4-9 shows the configuration of the Data Count Register (DCT). 

Figure 4-9. Data Count Register (DCT) Configuration 


DCTH DCTL 
Address: 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 <— Bit No. 
8*ch + 
0x107, 0x106 C15 | C14 | C13 | C12 | C11 | C10 | C9 | C8 C7 | C6 | C5 |} C4 | C3 |} C2 } C1 co DCT 
Read/Write: (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) (R/W) (RW) (R/W) (RW) 
Initial Value: X X X X X X X X X X X xX xX xX xX xX 
R/W: readable and writable 
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4.3.2.2 Transfer type and decrement of DCT 


The type of the transfer and the decrement value of DCT mainly depends on the DMACS:BW bit. However, also the configu- 
ration and status of IOA, BAP and DCT itself are considered. 


Table 4-2 shows the transfers caused by different configuration or status of IOA, BAP, DCT and BW. The BAP increment/dec- 
rement operation depends on the DMACS:BPD bit. 


Table 4-2. Transfer type resulting from descriptor configuration 


Configuration/Status Transfer type Post transfer update of 


10A when BAP aony Transfer cycles? 


Free) [soar ous J 2 x byte em ee ee 
vwort) fat tte tte tt 


a. One transfer cycle is equal to one bus access 


4.3.3 I/O Register Address Pointer (IOA) 
This section describes the I/O Register Address Pointer (IOA). 


4.3.3.1 I/O Register Address Pointer (IOA) 


The I/O Register Address Pointer (IOA) is a 16-bit register and indicates the lower addresses (A15 to AO) of the I/O register. 
Its upper addresses (A23 to A16) can be set in IOABK register. The reset value of IOABK defaults to bank 0. 


When “Update Performed” is specified with the DMACS:IF bit of the DMA Control Register, |OA is incremented by 1 at byte 
transfer; and incremented by 2 at word transfer. When “Update Not Performed” is specified with the DMACS:IF bit, IOA is 
fixed (IOA does not change). 


Figure 4-10 shows the configuration of the I/O Register Address Pointer (IOA). 
Figure 4-10. I/O Register Address Pointer (IOA) Configuration 


IOAH IOAL 
Address: 14 11 10 07 04 02 01 <— Bit No. 
8*ch + 
0x105, 0x104 A15 | A14 | A13 | A12 | A11 | A10 | AQ A8& A7 | A6 A5 | A4 A3 A2 Al AO IOA 
Read/Write: (R/W) (R/W) (R/W) (RW) (R/W) (R/W) (RW) (RW) (R/W) (RW) (R/W) (R/W) (RW) (RW) (R/W) (R/W) 
Initial Value: X X X X X Xx X X X Xx X xX X X Xx X 
R/W: readable and writable 


4.3.4 DMA Control Register (DMACS) 
This section describes the DMA Control Register (DMACS). 


4.3.4.1 DMA Control Register (DMACS) 


The DMA Control Register (DMACS) is 8-bit long and is used: 

m= to specify, if the Buffer Address Pointer should be incremented or decremented (BPD) 

m to specify whether to update or fix the Buffer Address Pointer and the I/O Register Address Pointer (BF, IF) 
m to specify the transfer data format is byte or word (BW) 
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m to specify the transfer direction (DIR) and 
mw tospecify, if STOP request should be accepted (SE). 


Figure 4-11 shows the configuration of DMACS. 
Figure 4-11. Configuration of DMACS 


Address: 15 14 13 12 11 10 09 08 =— Bit No. 
8*ch + 

0x103 - - BPD IF BW BF DIR SE DMACS 
Read/Write: (-) (-) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 

Initial Value: x Xx xX x xX x Xx x 


R/W: readable and writable 
a no access; read returns undefined value, write always 0 to this bit 


[bit 13] BPD: Buffer pointer decrement bit 


BPD bit PO Funetion Cd 
In the case of BF=0, BAP is incremented after each transfer. 


In the case of BF=0, BAP is decremented after each transfer. 
1 When both BPD and BW are set to '1’ (word transfers in reverse order), even numbered values 
should be specified for |OA, BAP and DCT. 


[bit 12] IF: IOA update or fixed selection 


lo After each data transfer, IOA is incremented. 
IOA is not updated (fixed VO address). 


[bit 11] BW: Transfer data length specification 


[bit 10]: BF BAP update or fixed selection 


lo After each data transfer, BAP is updated. 
BAP is not updated (fixed buffer address). 


[bit 9] DIR: Data transfer direction 


Transfer from address specified by IOABK and IOA to address specified by BAP (@IOABK.IOA -> 
@BAP). 


Transfer from address specified by BAP to address specified by IOABK and IOA (@BAP -> 
@IOABK.IOA). 
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[bit 8] SE: DMA STOP request enable 


lo No reaction on DMA STOP request by peripheral. 
DMA transfer can be stopped by a peripheral function (e.g. UART-RX). 


4.3.5 Buffer Address Pointer (BAP) 
This section describes the Buffer Address Pointer (BAP). 


4.3.51 Buffer Address Pointer (BAP) 


The Buffer Address Pointer (BAP) is a 24-bit register and is used to store addresses that will be used for DMA transfer. Any 
address can be specified. 


When "Update Performed" is specified using the DMACS:BF bit, the BAP lower 16 bits (BAPM, BAPL) are incremented by "1" 
at byte transfer and incremented by "2" at word transfer. Its upper 8 bits do not change. When DMACS:BPD is set, BAP is 
decremented by "1" or "2" instead of incremented. When “Update Not Performed’ is specified with the DMACS:BF bit, BAP is 
fixed (BAP does not change). 


Figure 4-12 shows the configuration of the Buffer Address Pointer (BAP). 
Figure 4-12. Buffer Address Pointer (BAP) 


BAPH 

Address: 07 06 05 04 03 02 01 00 =— Bit No. 
8*ch+ 
0x102 B23 | B22 | B21 | B20 | B19 | B18 | B17 | B16 BAP 
Read/Write: (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) 
Initial Value: Xx X Xx X X X X X 

BAPM BAPL 
Address: 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 <— Bit No. 
8*ch+ 
0x101, 0x100 Bi5 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 Bo BAP 
Read/Write: (R/W) (R/W) (RW) (R/W) (R/W) (RW) (R/W) (RW) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) 
Initial Value: X Xx X X X X Xx X X X Xx X X X X Xx 
RW: readable and writable 


Notes: 


The area that can be specified using the I/O Address Bank Register (IOABK) and I/O Address Pointer (IOA) is "000000," to 
"FFFFFF,,". IOABK defaults to bank "00," after reset. 


The area that can be specified using the Buffer Address Pointer (BAP) is "000000,," to "FFFFFF,,". 


The following addresses should not be specified for IOA and BAP: addresses of DMA controller internal registers (DIS- 
ELO...15, DSR, DSSR, DER); addresses of DMA descriptors "000100," to "00017F,4"; addresses of DMA IOABK registers 


"000A00,," to "OOOAOF},". 
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4.4 DMA Controller Operation 


This section describes the DMA controller operation. 


DMA Controller Operation 
Figure 4-13 shows the DMA controller operation. 
Figure 4-13. DMAC Operation 


ED 
ws 


IOABK.IOA 


/O register 


DCT 


Buffer 


Peripheral function (I/O) 


I/O register 


DMA 
descriptor 


(4) 


DMA controller (2) 


Interrupt controller 


IOABK: I/O address pointer bank register 
IOA: I/O address pointer 

BAP: Buffer address pointer 

DCT: Data counter 


Data transfer using DMA is performed in the following order: 
1. The peripheral resource (I/O) requests DMA transfer by asserting an interrupt. 


2. When the corresponding bit of the DMA Enable Register (DER:EN) is "1" and the interrupt number matches the setting of 
the DISEL register, DMAC references from the descriptor the transfer source address, destination address, count and 


configuration of the channel. 


3. DMA data transfer is started between I/O and memory. 


DMA descriptors are updated. 


5. After one item transferred (either Byte data or Word data) 


a. Transfer has not been completed (DCT does not 


reach 0): 


DMAC clears the DMA transfer request (interrupt) of the peripheral resource. 


b. At transfer end (DCT reaches 0): 


CYPRESS 


EMBEDDED IN TOMORROW 


After completion of DMA transfer, the flag indicating completion of the transfer is set in the DMA Status Register 
(DSR:DTE bit), outputting an interrupt request to the interrupt controller. 
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Procedure for using DMAC 
Figure 4-14. Procedure for using DMAC 
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*1) For rules of DCT and pointer update see the 
Data Counter (DCT) description "Transfer type 
and decrement of DCT" 
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Number of cycles for the data transfer 


The number of transfer cycles (bus cycles during DMA transfer) is the sum of all single transfers until DCT reaches 0. For ref- 
erence of the number of cycles for a single DMA transfer, see Table 4-2, column "Transfer cycles". 


4.5 Examples of DMA transfers 


This section describes some of the lesser ordinary DMA transfer types or circumstances. 


To simplify matters an even address somewhere in the memory bank selected by IOABK is used as IOA in the following 


examples. These examples still hold if the addresses of IOA and BAP are exchanged. The only exception is in the cases 
where BAP is to be decremented. 


Wrap around at bank boundary 


A DMA transfer does not cross a bank boundary under any circumstances. If IOA or BAP are to be modified, their updated 
values fulfill this requirement. If a word has to be read from the top address of a bank, the lower byte is taken from the top 
address of the bank and the higher byte is taken from address 0 within the bank. Writing to the top address is handled accord- 
ingly (see Figure 4-15). 


Figure 4-15. Transferring one word from/to the top address of bank 01, 


i 
ae 
Lae Rehtyee seaee eae O1FFFE, 
N 
Se 
Pe pe fe et elles ot ett ee, 
| 
T ! T 
O01 (FF . FF | BAP 
bi eongaminuieceeiianduul: Meenates OE IOABK 
23, = 22) [oe 
ieee Matec te cees tiigbegaecatie sed OBBED : OE | BC : DE | IOA 
LOEBCDE, oe [Bc | 
| . 123, 
pe eee see eee oe ees 010000, 
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Word transfer to an odd address 


A word transfer incorporating an odd address is split in byte transfers as stated in Table 4-2. The result of such a transfer is 
shown in Figure 4-16. 


Figure 4-16. Transferring one word to/from an odd address 
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Word transfer with odd byte count 


When DCT is set to an odd number of bytes and word transfers are used, the last transfer moves only one byte. In the case 
of BAP not being decremented (i.e. it is either fixed or to be incremented) the lower byte of the source is moved to the lower 
byte of the target (see Figure 4-17). 


Figure 4-17. Transfer of the last byte of a channel set for word transfer 


: 22 
esas ieee tas Do BO Lorecaa 
4 
B= =, ] 
| 01 :cc ‘aa | BAP 
peseepee ieee penne NEC 2 00 IOABK 
: 22, = 
a a ae aac a a acaba 00 | BC }DE | IOA 


When BAP is to be decremented, the transferred byte is read from or written to the high byte of the word which is referred to 
by BAP (see Figure 4-18). 
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Figure 4-18. Transfer of the last byte of a channel set to word transfer and BAP decrement 
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When IOA is set to be incremented and BAP is set to be decremented, the order of the transmitted words is reversed, but not 
the order of the bytes inside a word. Figure 4-19 exemplifies the memory contents after the completion of two transfers. 


Figure 4-19. Word transfer with incrementing IOA and decrementing BAP 
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This chapter explains the functions and operations of the delayed interrupt. 
5.1 Outline of Delayed Interrupt Module 


5.2 Delayed Interrupt Register 
5.3 Delayed Interrupt Operation 


5.1 Outline of Delayed Interrupt Module 


The Delayed Interrupt source module is used to generate interrupts for task switching. Using this module, interrupts to the 
F°MC-16FX CPU can be requested and canceled by software. 

Block diagram of Delayed Interrupt 

Figure 5-1 is a block diagram of the Delayed Interrupt source module. 


Figure 5-1. Block diagram of Delayed Interrupt 


Interrupt 
Controller 


F2MC-16FX Bus 


Delayed Interrupt Register Lig —| 


Interrupt 
Cause FF (RO) - "| Controller | Levels 
| IL 


Notes on operation 


The Delayed Interrupt signal is activated by writing "1" to the corresponding bit of DIRR and inactivated by writing "0" to the 
same bit. Therefore, the interrupt bit in DIRR should be cleared to "0" within the interrupt service routine. Otherwise the same 
interrupt is serviced again right after the first interrupt service is completed. 


Compared to other hardware interrupts, the delayed interrupt has lowest priority in the case of same levels are configured in 
the ICR register. For the delayed interrupt, priority is independent from the interrupt number. The delayed interrupt uses the 
interrupt vector of INT #12. 
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5.2 Delayed Interrupt Register 


DIRR controls request and cancellation of the Delayed Interrupt. Writing "1" to this register issues a delayed interrupt request, 
and writing "0" cancels the delayed interrupt request. 


Delayed Interrupt Cause Issuance/Cancellation register (DIRR: Delayed Interrupt Request Regisiter) 


Figure 5-2. Delayed Interrupt Cause/Cancel Register (DIRR) 


Address: 7 6 5 4 3 2 1 0 <=— Bit No. 
Read/Write: -) () © © &) © © (RW) 
Initial Value: X X X X X X X 0 


R/W: Readable and writable 
=! Undefined bit; read returns undefined value, write always 0 to this bit 


Table 5-1. Functional Explanation of Each Bit of the Delayed Interrupt Cause/Cancel Register (DIRR) 


Bit name 

When these bits are read, the values are undefined. 
Writing to these bits does not affect operation. 
Write always ’0’ to this bit 


bit 7 to bit 1 


Undefined bit 


This bit sets the generation/cancel of a delayed interrupt request. 
When this bit is "1", a delayed interrupt request is output. 

When this bit is "0", the delayed interrupt request is cleared. 

This bit is cleared after reset. 


RO: 


Delayed interrupt request output 
bit 
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5.3 Delayed Interrupt Operation 


When the CPU writes "1" to the relevant bit of DIRR by software, the request latch in the Delayed Interrupt source module is 
set and an interrupt request is issued to the interrupt controller. 


Delayed interrupt occurrence 


When the CPU writes “1” to the relevant bit of DIRR by software, the request latch in the delayed interrupt source module is 
set and an interrupt request is issued to the interrupt controller. If this interrupt has the highest priority or if there is no other 
interrupt request, the interrupt controller issues an interrupt request to the F°MC-16FX CPU. The F°MC-16FX CPU compares 
the ILM bit of its internal CCR register and the interrupt request, and starts the hardware interrupt processing microprogram 
as soon as the current instruction is completed if the interrupt level of the request is higher than that of the ILM bit. Thus the 
interrupt processing routine for this interrupt is executed. 


Figure 5-3. Delayed interrupt issuance 
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This chapter describes the clocks used by F°MC-16FX family micro controllers. 
6.1 Clocks 


6.2 Clock Control Registers 

6.3 Clock Modes 

6.4 Configuration of the PLL 

6.5 Oscillation Stabilization Wait Time 


6.6 Connection of an Oscillator or an External Clock to the Microcontroller 


6.1 Clocks 


The F2MC-16FX MCU offers up to 4 different clock sources (RC clock, Main clock, PLL clock and Sub clock). Flexible clock 
dividers allow an independent setting of the Bus clock (for the internal bus with the CPU and memories) and for the Peripheral 
clocks frequencies. 


The Sub oscillator is not included in all F2ZMC-16FX MCUs. The functions regarding the Sub oscillator and the Sub clock 
described in this hardware manual are not available for MCUs without Sub oscillator. The corresponding settings have no 
effect. 


Block Diagram 


The following block diagram shows the clock sources, the generation of the internal clocks and the source clock timers of the 
F2MC-16FX MCU. The different clocks are described below. See also Overview on page 23 for a block diagram showing 
which modules are connected to which clocks. 
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Source clocks 


The following clock signals are the clock sources of the F2MC-16FX MCU. 


RC clock (CLKRC) 

The RC clock CLKRC is the output clock of the internal RC oscillator. The RC oscillator can generate two different clock 
frequencies (2MHz and 100kHz nominal, see datasheet) which can be selected with the RCFS (RC Clock Frequency 
Select) bit of the CKFCR register. 

Main clock (CLKMC) 

The Main clock CLKMC is the output clock of the main oscillation circuit. Either an external oscillator or an external clock 
can be connected to the main oscillation circuit. 

PLL clock (CLKPLL) 


The PLL clock CLKPLL is obtained by multiplying the Main clock CLKMC with the internal PLL clock multiplier circuit (PLL 
oscillation circuit). Multiplication rates from 1 to 32 are available. 


This clock is only available when the Main clock CLKMC is active. 


Sub clock (CLKSC) 


The Sub clock CLKSC is the output clock of the sub oscillation circuit. Either an external oscillator or an external clock can 
be connected to the sub oscillation circuit. 


The Sub clock is not available for all F2MC-16FX MCUs. 


Internally derived clocks 


The following clock signals are internally generated out of the source clocks. 


Modulated PLL clock (CLKMOD) 

The PLL clock CLKPLL can be modulated with the built-in clock modulator to reduce the electromagnetic emission. The 
output clock of this clock modulator is called CLKMOD. 

System clock 1 (CLKS1) 

The System clock 1 (CLKS1) is a master clock of the F2MC-16FX MCU. It feeds the clock divider for the Bus clock 
(CLKB) and the Peripheral Clock 1 (CLKP1) and defines the clock mode of the CPU. 

Depending on the SC1S[1:0] (System Clock 1 Select) bits of the CKSR register, one of the following 4 clocks can be 
selected as the System clock 1: CLKRC (RC clock), CLKMC (Main clock), CLKPLL/CLKMOD (unmodulated or modulated 
PLL clock) or CLKSC (Sub clock). 

Bus clock (CLKB) 

The Bus clock CLKB is the clock source for the internal bus, the CPU, internal memories, DMA controller and the external 
bus interface. It is stopped in all Standby modes (Sleep, Timer and Stop mode). It is generated by the programmable Bus 
clock divider out of the System clock 1 (CLKS1). 

Peripheral clock 1 (CLKP1) 

The Peripheral clock 1 (CLKP1) is the clock source for all peripheral resources that can operate with a modulated clock. It 
is stopped in Timer and Stop mode. It is generated by the programmable Peripheral clock divider 1 out of the System 
clock 1 (CLKS1). 

System clock 2 (CLKS2) 

The System clock 2 (CLKS2) is a second master clock which is never modulated. It feeds the clock divider for the Periph- 
eral Clock 2 (CLKP2) only. 

Depending on the SC2S[1:0] (System Clock 2 Select) bits of the CKSR register, one of the following 4 clocks can be 
selected as the System clock 2: CLKRC (RC clock), CLKMC (Main clock), CLKPLL (unmodulated PLL clock) or CLKSC 
(Sub clock). 

The setting of these bits does not influence the clock mode of the CPU which is defined by SC1S[1:0] only. 

Peripheral clock 2 (CLKP2) 

The Peripheral clock 2 (CLKP2) is the clock source for peripheral resources that never operate with a modulated clock. It 
is stopped in Timer and Stop mode. It is generated by the programmable Peripheral clock divider 2 out of the System 
clock 2 (CLKS2). 
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m Peripheral clock 3 (CLKP3) 


The Peripheral clock 3 (CLKP3) is an optional second clock source for peripherals that never operate with a modulated 
clock and which need a different clock frequency than those connected to CLKP2. CLKP3 is stopped in Timer and Stop 
mode and is generated by the programmable Peripheral Clock Divider 3 from System clock 2 (CLKS2). 


CLKP3 clock is not available for all devices. Please refer to Datasheet. 
In case the USB function is used, CLKP3 needs to be set to 48MHz 


Source Clock Timers 


The Main clock, RC clock and the Sub clock oscillators feed dedicated source clock timers (Main Clock Timer, RC Clock 
Timer and Sub Clock Timer) which are running independently of the selected System clock, Bus clock and Peripheral clock. 


6.2 Clock Control Registers 


This section lists the clock control registers and describes the function of each register in detail. 


Clock Control Registers 


Figure 6-2 shows an overview of all clock control registers 


122 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


ce EMBEDDED IN TOMORROW 


Figure 6-2. Clock Control Registers 


Clocks 


CKSR: Clock Selection “an 
Address: 1 


4 11 
000401, (000400,,: SMCR: Standby Mode Control Register) 


R/W a as te a a a ae 


Initial value 1 
CKMR: Clock Monitor Register CKSSR: Clock Stabilization Select Register 
Address: 1 Address: 


4 11 7 6 5 4 3 2 1 0 
a a 


R th R/W RW RW RW RW RW RW R/W 
Initial value xX , , , , e x x Initial value 1 1 1 1 1 1 1 1 


CKFCR: Clock Frequency Control Register (low byte: CKFCRL, high byte: CKFCRH) 


Address: 14 1 

cn esfeofoofenfoofenlenfoee eof] [Te 
PC2D3|PC2D2 

000405, 


R/W R/W R/W RW RIW RW RIW RIW RW RIW RW RWSEC™ 7 ot 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 Xx X X 


PLLCR: PLL and Clock gas Control a a oi PLLCRL, . oe co 


Address: 14 | 
cones [TTL pooenfeofenl nw ne franpal] 
000407, 


a - R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/ 
Initial value x x x xX 0 0 0 0 0 Oo 0 0 0 0 0 0 ~<@-— USB devices 
Initial value xX xX X xX xX xX xX xX 0 Oo 0 0 0 0 0 0 ~<@— non-USB devices 


CILCR: Clock Input and LVD Control Register 


Address: 14 


11 
oe [TT [ooops ve 


R/W RW RIW RW RW RW RW R/W 
Initial value xX xX xX 0 0 0 0 oO 
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Clock Selection Register (CKSR) 


The Clock Selection Register (CKSR) is used to control the System Clock selector 1 and 2 and the oscillation circuits. 


Configuration of the Clock Selection Register (CKSR) 


Figure 6-3 shows the configuration of the Clock Selection Register (CKSR) and Table 6-1 describes the function of each bit. 


Figure 6-3. Configuration of the Clock Selection Register (CKSR) 


R/W 


Address: 15 14 1 


5 3 12 #11 10 9 8 
conto [ex me [measles] 101100005 


R/W R/W R/W R/W R/W R/W R/W R/W 


Initial value 


—s 


bit9 bit8 


System Clock 1 Select bits 
RC clock mode (set CLKS1 to CLKRC) 
Main clock mode (set CLKS1 to CLKMC) 


PLL clock mode (set CLKS1 to CLKPLL/CLKMOD) 
Sub clock mode (set CLKS1 to CLKSC) 


bit11 bit10 


RC clock (set CLKS2 to CLKRC) 
Main clock (set CLKS2 to CLKMC) 
PLL clock (set CLKS2 to CLKPLL) 


RCE RC Clock Enable bit 
0 RC oscillator stopped 
RC oscillator enabled 
bit13 


MCE Main Clock Enable bit 


0 Main oscillator stopped 
Main oscillator enabled 


bit14 


PCE PLL Clock Enable bit 
PLL stopped 
1 PLL enabled 


bit15 


: Readable and writable 


: Initial value 


SCE Sub Clock Enable bit 
0 


Sub oscillator stopped 
Sub oscillator enabled 
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Table 6-1. Function Description of Each Bit of the Clock Selection Register (CKSR) (Sheet 1 of 2) 


itm motion 


+ These bits control the System Clock 1 Selector for the source of the Bus clock and the Peripheral clock 1 accord- 
ing to the following table: 
bit9 bit8 
SC1S0 | Clock mode | CLKS1 (System Clock 1) 

RC clock mode | set to CLKRC (RC clock) 

Main clock mode} set to CLKMC (Main clock) 
0 PLL clock mode | set to CLKPLL or CLKMOD (PLL clock) 
1 Sub clock mode | set to CLKSC (Sub clock) 


These bits control the CPU clock mode. 

SeTeOand OCs! ; Any reset initializes these bits to "00" (RC clock mode). 

System Clock 1 Select bits Atransition to a different clock mode is delayed until the selected clock is ready (means the corresponding clock 
ready monitor bit in the Clock Monitor Register CKMR is set). 


If the selected clock is ready, then the clock mode transition will be executed by starting the synchronization 
mechanism. The System Clock 1 Monitor bits (SC1M) of the Clock Monitor register indicate when this clock 
switching has completed. 
Writing a second value to this register before switching to the mode selected beforehand has completed cancels 
the first transition request. 

+  Atransition to a clock which is not available (oscillator failed or is not existent) is not possible. 


bit 8 - bit 9 


Note: 


+ — In Stop mode, the System Clock 1 Selector directly changes to the clock selected by the SC1S bits, inde- 
pendently of the corresponding clock ready monitor bit (in Stop mode, all clock monitor bits are cleared). Hence 
do not select an unavailable clock before switching to Stop mode. 


leg bits control the System Clock 2 Selector for the source of the Peripheral clock 2 according to the following 
table: 

bit11 bit10 

CLKS2 (System Clock 2) 

set to CLKRC (RC clock) 
set to CLKMC (Main clock) 
set to CLKPLL (Unmodulated PLL clock) 
set to CLKSC (Sub clock) 


SC2S0 and SC2S1: Any reset initializes these bits to "00" (RC clock). 
Changing to a different clock source is delayed until the selected clock is ready (means the corresponding clock 
ready monitor bit in the Clock Monitor Register CKMR is set). 
If the selected clock is ready, then the clock source transition will be executed by starting the synchronization 
mechanism. The System Clock 2 Monitor bits (SC2M) of the Clock Monitor register indicate when this clock 
switching has completed. 
Writing a second value to this register before switching to the mode selected beforehand has completed cancels 
the first transition request. 

+  Atransition to a clock which is not available (oscillator failed or is not existent) is not possible. 


bit 10 - bit 
"1 System Clock 2 Select bits 


Note: 

+ — In Stop mode, the System Clock 2 Selector directly changes to the clock selected by the SC2S bits, independent 
of the corresponding clock ready monitor bit (in Stop mode, all clock monitor bits are cleared). Hence do not 
select an unavailable clock before switching to Stop mode. 
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Table 6-1. Function Description of Each Bit of the Clock Selection Register (CKSR) (Sheet 2 of 2) 


Bitar motion 


. RCE: 
bit 12 : 
RC Clock Enable bit 
. MCE: 
bit 13 ; ' 
Main Clock Enable bit 


. PCE: 
bit 14 . 
PLL Clock Enable bit 

bit 15 SUE: 
Sub Clock Enable bit 
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This bit is used to enable/stop the internal RC oscillator. 
Writing "1" to this bit enables the RC oscillator and writing "0" stops the oscillator. 
This bit is initialized to "1" (oscillator on) by each reset. 


The RC oscillation stabilization time is applied after enabling the RC oscillator. This time is specified in the data- 
sheet. After this time has elapsed, the RC clock monitor bit (RCM) in the CKMR register is set. 


Selecting CLKRC as clock source for CLKS1 or CLKS2 activates the RC oscillator independently of the setting of 
the RCE bit. The oscillator can only be stopped when both System clocks are running with a different clock 
source. 


Note: 


Do not disable the RC oscillator if the Clock stop detection reset is enabled. Setting RCE to "0" in this case 
causes a Clock stop detection reset. 


Do not disable the RC oscillator if the clock source for the Watchdog is set to RC clock. Setting RCE to "0" in this 
case causes a Watchdog reset. 

This bit is used to enable/stop the Main oscillation circuit. 

Writing "1" to this bit enables the Main oscillator and writing "0" stops the oscillator. 

This bit is initialized to "1" (oscillator on) by each reset. 


The Main oscillation stabilization time is applied after enabling the Main oscillator. This time is defined by the 
MCST bits of the CKSSR register. After this time has elapsed, the Main clock monitor bit (MCM) in the CKMR 
register is set. 


Selecting CLKMC, CLKPLL or CLKMOD as clock source for CLKS1 or CLKS2 activates the Main oscillator inde- 
pendently of the setting of the MCE bit. The oscillator can only be stopped when both System clocks are running 
with different clock sources. 


Setting this bit to "0" also disables the PLL clock (independently of the PCE setting) and sets PCM to "0" unless 
the PLL clock is used as System clock 1 or 2. 


Note: 


Do not disable the Main oscillator if the clock source for the Watchdog is set to Main clock. Setting MCE to "0" in 
this case causes a Watchdog reset. 

This bit is used to enable/stop the PLL oscillation circuit. 

Writing "1" to this bit enables the PLL and writing "0" stops the PLL. 

MCE must also be set to "1" if the PLL should be enabled because the PLL is using the Main clock as input clock. 
For MCE = "0", the setting of PCE has no effect. 

This bit is initialized to "0" (PLL stopped) by each reset. 

The PLL stabilization time is applied after stabilization of the Main clock (MCM ="1") and enabling of the PLL. 


This time is defined by the PCST bit of the CKSSR register. After this time has elapsed, the PLL clock monitor bit 
(PCM) in the CKMR register is set. 


Selecting CLKPLL or CLKMOD as clock source for CLKS1 or CLKS2 activates the PLL independently of the set- 
ting of the PCE bit. The PLL can only be stopped when both System clocks are running with different clock 
sources. 

This bit is used to enable/stop the Sub oscillation circuit. 

Writing "1" to this bit enables the Sub oscillator and writing "0" stops the oscillator. 

This bit is initialized to "1" (oscillator on) by each reset. 

The Sub oscillation stabilization time is applied after enabling the Sub oscillator. This time is defined by the SCST 


bits of the CKSSR register. After this time has elapsed, the Sub clock monitor bit (SCM) in the CKMR register is 
set. 


Selecting CLKSC as clock source for CLKS1 or CLKS2 activates the Sub oscillator independently of the setting 
of the SCE bit. The oscillator can only be stopped when both System clocks are running with a different clock 
source. 


Note: 


Do not disable the Sub oscillator if the clock source for the Watchdog is set to Sub clock. Setting SCE to "0" in 
this case causes a Watchdog reset. 
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6.2.2 


Clock Monitor Register (CKMR) 


Clocks 


The Clock Monitor Register (CKMR) is used to check the current status of the System clocks (Clock mode) and the status of 


the oscillation circuits. 


Configuration of the Clock Monitor Register (CKMR) 
Figure 6-4 shows the configuration of the Clock Monitor Register (CKMR) and Table 6-2 describes the function of each bit. 


Figure 6-4. Configuration of the Clock Monitor Register (CKMR) 


14 


R 


Address: 
000403, 


15 13 12 
R R oR 


11 


R 


10 
R 


9 8 


bit9 


Initial value 
XXXXXXXXB 


bit8 
System Clock 1 Monitor bits 
CLKS1 is set to CLKRC (RC clock) 


CLKS1 is set to CLKMC (Main clock) 


CLKS1 is set to CLKPLL/CLKMOD (PLL clock) 


CLKS1 is set to CLKSC (Sub clock) 


bit11 


bit10 

System Clock 2 Monitor bits 
CLKS2 is set to CLKRC (RC clock) 
CLKS2 is set to CLKMC (Main clock) 


CLKS2 is set to CLKPLL (unmodul. PLL clock) 


bit12 


CLKS2 is set to CLKSC (Sub clock) 


RCM RC Clock Monitor bit 
0 


RC oscillator is not ready 


1 
biti3 


RC oscillator is ready 


bit14 


bitiS 


R 
X 


: Read only (writing is ignored) 
: undefined value 


MCM Main Clock Monitor bit 
1 


0 Main oscillator is not ready 
Main oscillator is ready 


PLL is not ready 


PCM PLL Clock Monitor bit 
0 
1 PLL is ready 


SCM Sub Clock Monitor bit 
1 


0 Sub oscillator is not ready 
Sub oscillator is ready 
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Table 6-2. Function Description of Each Bit of the Clock Monitor Register (CKMR) (Sheet 1 of 2) 


pe Bitmame etion 


* These bits indicate which clock is currently used for the System Clock 1 according to the following table: 
bit9 bit8 
System Clock 1 Monitor bits 
CLKS1 is set to CLKRC (RC clock) 
CLKS1 is set to CLKMC (Main clock) 
CLKS1 is set to CLKPLL/CLKMOD (PLL clock) 
SC1MO0 and SC1M1: CLKS1 is set to CLKSC (Sub clock) 
ae System Clock 1 Monitor bits : ; 
These bits show the currently active CPU clock mode. 
The read value of the SC1M bits can differ from the value written to the SC1S System Clock 1 Select bits. This 
indicates that a requested clock mode transition has not been completed yet. 
An ongoing transition of the clock mode (synchronization mechanism in effect) is indicated as follows: Active 


clock mode shown by the SC1M bits differs from the SC1S setting although clock selected by SC1S bits is ready 
(clock monitor bit 1’). The SC1M bits are updated after completion of the clock mode transition. 


Clock mode switching is not possible when the selected clock is not ready (clock monitor bit of the clock selected 
by the SC1S bits is "0"). 


These bits indicate which clock is currently used for the System Clock 2 according to the following table: 
bit11 bit10 
System Clock 2 Monitor bits 
CLKS2 is set to CLKRC (RC clock) 
CLKS2 is set to CLKMC (Main clock) 
CLKS2 is set to CLKPLL (unmodul. PLL clock) 
bie Wd sbi: | SGeMeand She: CLKS2 is set to CLKSC (Sub clock) 
11 System Clock 2 Monitor bits 
The read value of the SC2M bits can differ from the value written to the SC2S System Clock 2 Select bits. This 
indicates that a requested clock mode transition has not been completed yet. 
An ongoing transition of the clock mode (synchronization mechanism in effect) is indicated as follows: Active 


clock mode shown by the SC2M bits differs from the SC2S setting although clock selected by SC2S bits is ready 
(clock monitor bit ’1’). The SC2M bits are updated after completion of the clock mode transition. 


Clock mode switching is not possible when the selected clock is not ready (clock monitor bit of the clock selected 
by the SC2S bits is "0"). 


This bit indicates if the internal RC oscillator is ready or not. 
RCM = "1" means that the RC oscillator is ready and can be used. If RCM = "1" although RCE was set to "0", 
bit 12 RCM: then the RC oscillator has not been disabled because the RC clock is used for System Clock 1 or 2. 
1 


RC Clock Monitor bit RCM = "0" means that the RC oscillator is either disabled or the RC oscillation stabilization time is in effect. 
Any reset initializes this bit to "0" and stops the operation of the MCU. After the RC oscillation stabilization wait 
time, this bit is set to "1" and the operation of the MCU resumes with the execution of the reset sequence. 
This bit indicates if the main oscillator is ready or not. 


MCM = "1" means that the main oscillator is ready and can be used. If MCM = "1" although MCE was set to "0", 
then the Main oscillator has not been disabled because the Main clock or PLL clock is used for System Clock 1 or 
2. 


MCM = "0" means that the main oscillator is either disabled or the main oscillation stabilization time is in effect. 


MCM: A Power or External reset (RSTX falling edge) and a Main clock stop detection reset initializes this bit to "0". See 
Main Clock Monitor bit section Startup after Power and External reset on page 162 for more details regarding the effect of RSTX. 


A Sub clock stop detection, Software or Watchdog reset does not reset this bit. 
Note: 


The Main Clock Stabilization Time select bits CKSSR:MCST[2:0] are reset to "111" (2'8 CLKMC cycles) by any 


reset. Hence if any reset is asserted within 218 CLKMC cycles after activation of the Main oscillator, then MCM 
will be cleared to '0’. 


This bit indicates if the PLL is ready or not. 
PCM: PCM = "1" means that the PLL clock is ready and can be used. If PCM = "1" although PCE was set to "0", then 
bit 14 . the PLL has not been disabled because the PLL is used for System Clock 1 or 2. 


PIL Glock Manitor Bt PCM = "0" means that the PLL is either disabled or the PLL stabilization time is in effect. 
Any reset initializes this bit to "0" (PLL disabled). 
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Table 6-2. Function Description of Each Bit of the Clock Monitor Register (CKMR) (Sheet 2 of 2) 


pBitmame motion 


This bit indicates if the sub oscillator is ready or not. 


SCM = "1" means that the sub oscillator is ready and can be used. If SCM = "1" although SCE was set to "0", 
then the Sub oscillator has not been disabled because the Sub clock is used for System Clock 1 or 2. 


SCM = "0" means that the sub oscillator is either disabled or the sub oscillation stabilization time is in effect. 


SCM: A Power or External reset and a Sub clock stop detection reset initializes this bit to "0". 
Sub Clock Monitor bit A Main clock stop detection, Software or Watchdog reset does not reset this bit. 


Note: 


The Sub Glock Stabilization Time select bits CKSSR:SCST[1:0] are reset to "11" (2'© CLKSG cycles) by any 


reset. Hence if any reset is asserted within 2'® CLKSC cycles after activation of the Sub oscillator, then SCM will 
be cleared to ’0’. 


6.2.3 Clock Stabilization Select Register (CKSSR) 


The Clock Stabilization Select Register (CKSSR) is used to select the stabilization times for the oscillation circuits, the PLL 
and for controlling the feedback resistors of the Main and Sub oscillation circuits. 


Configuration of the Clock Stabilization Select Register (CKSSR) 


Figure 6-5 shows the configuration of the Clock Stabilization Select register (CKSSR) and Table 6-3 describes the function of 
each bit. 
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Figure 6-5. Configuration of the Clock Stabilization Select Register (CKSSR) 


130 


R/W 


Address: 7 6 5 


4 3 2 1 0 


R/W R/W R/W 


R/W 
L 


R/W R/W R/W R/W 


Initial value 
11111111. 


aT TR 


bit2 


1 | 


bit1 bitO 


Main Clock Stabilization Time 
The corresponding time for a Main 
clock of 4MHz is given in parentheses) 


° / CLKMC (approx. 256ys) 


2 / CLKMC (approx. 1ms) 


3 / CLKMG (approx. 2ms) 


4 7 CLKMG (approx 


8 / CLKMC (approx 


7 / CLKMC (approx 
8 7 CLKMC (approx 


( 
( 
( 
5 / CLKMC (approx 
( 
( 
( 


Sub Clock Stabilization Time 
(The corresponding time for a Sub 
clock of 32.768kHz is given in parentheses) 


2'2 / CLKSC (125ms) 


214 / CLKSC (0.5s) 


bitS 


bit6 


0 


bit7 


: Readable and writable 


: Initial value 
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MRFBE Main oscillator Resistor Feedback Enable 


SRFBE Sub oscillator Resistor Feedback Enable 
0 Feedback resistor disabled 


( 
2'5 / CLKSC (1s) 


216 / CLKSC (2s) 


PLL Clock Stabilization Time 
(The corresponding time for a Main 
clock of 4MHz is given in parentheses) 


2'2 / CLKMC (approx. 1ms) 
2'4 / CLKMC (approx. 4ms) 


Feedback resistor disabled 


Feedback resistor enabled 


Feedback resistor enabled 
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Table 6-3. Function Description of Each Bit of the Clock Stabilization Select Register (CKSSR) (Sheet 1 of 2) 


Bima motion 


* These bits select the stabilization time for the Main oscillation circuit according to the following table: 
bit2 bit1 bitO 


Main Clock Stabilization Time 
(The corresponding time for a Main 
clock of 4MHz is given in parentheses) 


210 / CLKMC (approx. 256s) 
212 / CLKMC (approx. 1ms) 
213 / CLKMC (approx. 2ms) 
214 / CLKMG (approx. 
MCSTO to MCST2: 215 / CLKMC (approx. 
( 
( 
(ap 


Main Clock Stabilization 218 / CLKMC (approx. 
Time select bits 


2177 CLKMG approx. 
218 / CLKMC (a 


pprox. 


« Any reset initializes these bits to "111". 


* These bits define after how many Main clock (CLKMC) cycles the Main Clock Monitor (MCM) bit will be set, 
allowing to use the Main clock as System clock. 


Note: 
The oscillation stabilization wait interval must be set to a value appropriate for the oscillator used. 


The initialization of these bits to "111" clears the CKMR:MCM bit in case the reset was asserted within 218 
CLKMC cycles after activation of the Main oscillator. 


These bits select the stabilization time for the Sub oscillation circuit according to the following table: 


bit4 bit3 


Sub Clock Stabilization Time 
SCST1 | SCSTO (The corresponding time for a Sub 
clock of 32.768kHz is given in parentheses) 


po fo | 2"2 / CLKSC (125ms) 
214 / CLKSC (0.5s) 
SCSTO to SCST1: 215 / CLKSC (1s) 


Sub Clock Stabilization 218 / CLKSC (2s) 
Time select bits 


Any reset initializes these bits to "11". 


These bits define after how many Sub clock (CLKSC) cycles the Sub Clock Monitor (SCM) bit will be set, allowing 
to use the Sub clock as System clock. 


Note: 
The oscillation stabilization wait interval must be set to a value appropriate for the oscillator used. 


The initialization of these bits to "11" clears the CKMR:SCM bit in case the reset was asserted within 2'° CLKSC 
cycles after activation of the Sub oscillator. 


This bits selects the stabilization time for the PLL clock according to the following table: 
bitd 
PLL Clock Stabilization Time 
PCST (The corresponding time for a Main 
clock of 4MHz is given in parentheses) 
212 / GLKMCG (approx. 1ms) 


PCST: 
214 / CLKMC (approx. 4ms) 


PLL Clock Stabilization 
Time select bit 


Any reset initializes this bit to "1". 


This bit defines after how many Main clock (CLKMC) cycles the PLL Clock Monitor (PCM) bit will be set, allowing 
to use the PLL clock as System clock. 


The PLL clock stabilization time starts counting after stabilization of the Main clock (MCM = "1") and after setting 
PCE to "1" 


Setting PCST to "1" is only permitted for a Main clock (CLKMC) frequency up to 8MHz. 
This bit controls the feedback resistor of the Main oscillator. 

Writing "1" to this bit enables the feedback resistor and writing "0" disables the resistor. 
Any reset initializes this bit to "1" (resistor enabled). 


MRFBE: Main oscillator 
Resistor Feedback Enable 
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Table 6-3. Function Description of Each Bit of the Clock Stabilization Select Register (CKSSR) (Sheet 2 of 2) 


Bitar motion 


+ This bit controls the feedback resistor of the Sub oscillator. 
+ Writing "1" to this bit enables the feedback resistor and writing "0" disables the resistor. 
¢ Any reset initializes this bit to "1" (resistor enabled). 


6.2.4 Clock Frequency Control Register (CKFCR) 


The Clock Frequency Control Register (CKFCR) is used to control the Peripheral clock dividers (1 and 2), the Bus clock 
divider and the RC oscillator frequency. 


SRFBE: Sub oscillator 
Resistor Feedback Enable 


Configuration of the Clock Frequency Control Register (CKFCR) 


Figure 6-6 shows the configuration of the Clock Frequency Control Register (CKFCR) and Table 6-4 describes the function of 
each bit. 


The register can be accessed 16-bit wide (CKFCR) and 8-bit wide (low byte: CKFCRL, high byte: CKFCRH). 
Figure 6-6. Configuration of the Clock Frequency Control Register (CKFCR) 


Address: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O Initial value 


0004041, 00000000 0000XXX1, 
000405, 


R/W R/W R/W R/W R/W RIW RIW RW RIW RW RWW RWW SC- = - R/W 


SE 


bitO 


RCFS RC Clock Frequency Select bit 


0 Nominal RC clock frequency set to 100kHz 


Nominal RC clock frequency set to 2MHz 


bit1 - bit3 
0 Always write "0" to these bits 


bit7 bité bits bit4 


Bus Clock Division select bits 
CLKB is CLKS1 (divided by 1) 
CLKB is CLKS1 divided by 2 
CLKB is CLKS1 divided by BCD[3:0]p + 1 
CLKB is CLKS1 divided by 16 


Peripheral Clock 1 Division select bits 
CLKP1 is CLKS1 (divided by 1) 
CLKP1 is CLKS1 divided by 2 
CLKP1 is CLKS1 divided by PC1D[3:0]p + 1 
CLKP1 is CLKS1 divided by 16 


PC2D3 | PC2D2 | PC2D1 | PC2D0 Peripheral Clock 2 Division select bits 
CLKP2 is CLKS2 (divided by 1 


Xx : undefined value CLKP2 is CLKS2 divided by 2 


R/W : Readable and writable ae ibs fet Let CLKP2 is CLKS2 divided by PC2D[3:0]p + 1 
a : Initial value CLKP2 is CLKS2 divided by 16 
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Table 6-4. Function Description of Each Bit of the Clock Frequency Control Register (CKFCR) 


This bit is used to set the clock frequency of the internal RC oscillator. 
Writing "1" to this bit sets the nominal RC clock frequency to 2MHz and writing "0" sets the nominal frequency to 
100kHz. 
For minimum and maximum frequencies in both settings, please refer to the Datasheet. 
RCFS: This bit is initialized to "1" (2MHz) by each reset. 
bit 0 RC Clock Frequency Select | note: 
bit : 

The RC clock frequency can be changed at any time. However consider that the Clock stop detection circuit and 


the Watchdog reset can operate with the RC clock and that changing the RC clock frequency affects the behav- 
ior of these circuits. The Watchdog reset module has an operation mode where changing the RC clock frequency 
is not allowed and causes a Watchdog reset. Please read the corresponding description in the chapters about 
the Watchdog reset and the Clock stop detection reset for more details. 


Always write "0" to these bits. 
bit 1- bit3 | Reserved The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 


These bits control the clock divider for the Bus clock (CLKB) according to the following table: 
bit7 bité bits bit4 
Bus Clock Division select bits 
CLKB is CLKS1 (divided by 1) 
BCDO to BCD3: CLKB is CLKS1 divided by 2 
bit4-bit7 | Bus Clock Division select CLKB is CLKS1 divided by 3 
bits as 2 ak is CLKB is CLKS1 divided by BCD[3:0]g + 1 
CLKB is CLKS1 divided by 15 
CLKB is CLKS1 divided by 16 


These bits control the clock divider for the Peripheral clock (CLKP1) according to the following table: 
bit11 bit10 bit9 bit8 
Peripheral Clock 1 Division select bits 

CLKP1 is CLKS1 (divided by 1) 
PC1D0 to PC1D3: CLKP1 is CLKS1 divided by 2 
bit 8 - bit 11 | Peripheral Clock 1 Division 0 CLKP1 is CLKS1 divided by 3 

select bils 7 7 7 .. | CLKP1 is CLKSt1 divided by PC1D[3:0]g + 1 
1 1 1 0 CLKP1 is CLKS1 divided by 15 


These bits are initialized to "0000" (CLKP1 = CLKS1) by each reset. 


These bits control the clock divider for the Peripheral clock (CLKP2) according to the following table: 
bit11 bit10 bit9 bit8 
bit 12 - bit 
15 


PC2D0 to PC2D3: CLKP2 is CLKS2 divided by 2 
Peripheral Clock 2 Division 0 CLKP2 is CLKS2 divided by 3 

BEIECUDIIG = z a ... | CLKP2 is CLKS2 divided by PC2D[3:0]p + 1 
CLKP2 is CLKS2 divided by 15 

CLKP2 is CLKS2 divided by 16 


These bits are initialized to "0000" (CLKP2 = CLKS2) by each reset. 
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6.2.5 PLL and clock frequency Control Register (PLLCR) 


The PLL and clock frequency Control Register (PLLCR) is used to control all functions of the PLL multiplier circuit and to con- 
trol the Peripheral Clock Divider of CLKP3. 


Configuration of the PLL and clock domain 3 frequency Control Register (PLLCR) 


Figure 6-7 show the configuration of the PLL and clock domain 3 frequency Control Registers (PLLCR) and Table 6-5 
describes the function of each bit. 


The register can be accessed 16-bit wide (PLLCR) and 8-bit wide (low byte: PLLCRL, high byte PLLCRH). 
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Figure 6-7. Configuration of the PLL Control Register (PLLCR) 


Clocks 


Address: 15 14 13 12 11 10 9 8 7 6 
oooao7t, LL |= [= Fenefronefrsa cn mses 

PC3D3] PC3D2] PC3D1] PC3D0} VMS2 | VMS 
000407) 


bit1 


bitO 


0 Initial value 


5 4 3 2 1 
ws use| uss | use| pus | rs XXXX000000000000, 


- R/W RW RW RW RW RW RW RW RW RW RW R/ 


miveaill 


bit4 bit3 bit2 


PLL clock Multiplier Select bits 
CLKPLL is CLKMC (multiplied by 1) 
CLKPLL is CLKMC multiplied by 2 


CLKPLL is CLKMC multiplied by PMS[3:0]p + 1 


bit7 bit6 


bitS 


CLKPLL is CLKMC multiplied by 32 


VCO clock Multiplier Select bits 
ock is CLKPLL multiplied by 2 
ock is CLKPLL multiplied by 4 


ock is CLKPLL multiplied by 6 


ock is CLKPLL multiplied by 8 


ock is CLKPLL multiplied by 10 


ock is CLKPLL multiplied by 12 


ock is CLKPLL multiplied by 14 


bit11 bit10 


bit9 


bit8 


ock is CLKPLL multiplied by 16 


For devices that do support CLKP3 


CLKP3 is CLKS2 (divided by 1 


CLKP3 is CLKS2 divided by 2 


CLKP3 is CLKS2 divided by 3 


CLKP3 is CLKS2 divided by PC3D[3:0]p + 1 


bit11 - bits 


bit15 - bit12 


R/W : Readable and writable 


Ld : Initial value 


CLKP3 is CLKS2 divided by 15 


CLKP3 is CLKS2 divided by 16 


For devices that do not support CLKP3 


_——- 
X Always write "0" to these bits 


X : undefined value 0 Always write "0" to these bits 
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Table 6-5. Function Description of Each Bit of the PLL Control Register (PLLCR) 


Bitar motion 


* These bits control the PLL clock multiplier factor according to the following table: 
bit4 bit3 bit2 bit1 bitO 
CLKPLL is CLKMC (multiplied by 1) 
ee CLKPLL is CLKMC multiplied by 2 
bit 0 - bit 4 


ee CLKPLL is CLKMC multiplied by PMS[3:0]p + 1 
PMSO to PMS4: CLKPLL is CLKMC multiplied by 32 


PLL clock Multiplier Select 
bits These bits are initialized to "00000" by each reset. 


The PLL multiplier setting defines the ratio between the Main clock frequency (CLKMC) and the PLL output fre- 
quency (CLKPLL). 


These bits must be set before the PLL is enabled by writing "1" to the CKSR: PCE bit or by selecting the PLL 
clock as source for CLKS1 or CLKS2. 


Do not change the setting of these bits after activation of the PLL. 


The permitted range of settings depend on the used Main clock frequency and the permitted frequency range for 
CLKVCO and CLKS1/S2 (see Datasheet) . 


These bits control the VCO clock multiplier factor according to the following table: 
bité bitd bit4 
VCO clock Multiplier Select bits 
VCO Clock is CLKPLL multiplied by 2 
VCO Clock is CLKPLL multiplied by 4 
VCO Clock is CLKPLL multiplied by 6 
VCO Clock is CLKPLL multiplied by 8 
VCO Clock is CLKPLL multiplied by 10 
VMSO to VMS2: VCO Clock is CLKPLL multiplied by 12 
bit 5 - bit 7 VCO clock Multiplier Select VCO Clock is CLKPLL multiplied by 14 
ps VCO Clock is CLKPLL multiplied by 16 
These bits are initialized to "000" by each reset. 
The VCO clock multiplier setting defines the relation between the PLL output clock frequency (CLKPLL) and the 
output frequency of the PLL internal VCO. 
These bits must be set before the PLL is enabled by writing "1" to the CKSR: PCE bit or by selecting the PLL 
clock as source for CLKS1 or CLKS2. 


Do not change the setting of these bits after activation of the PLL. 


The VCO clock multiplier factor should be set depending on the PLL input clock CLKMC and the PLL multiplier 
setting. See chapter 6.4 Configuration of the PLL for more details. 


For devices that do support CLKP3 
* These bits control the clock divider for the Peripheral clock (CLKP3) according to the following table: 
bit11 bit10 bit9 bit8 
Peripheral Clock 3 Division select bits 
CLKP3 is CLKS2 (divided by 1) 
CLKP3 is CLKS2 divided by 2 
CLKP3 is CLKS2 divided by 3 
CLKP3 is CLKS2 divided by PC3D[3:0]p + 1 
PC3D0 to PC3D3: 


bit 8- bit 11. | Peripheral Clock 3 Divisi CLKP3 is CLKS2 divided by 15 
7 eripheral Cloc ivision , aa 
Select bits CLKP3 is CLKS2 divided by 16 


* These bits are initialized to "0000" (CLKP3 = CLKS2) by each reset 


For devices that do not support CLKP3 
These bits are reserved. 
Always write "0" to these bits. 
The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 
; ; Always write "0" to these bits. 
. gece Reserved The read value of these bits is undefined. 


Read modify write operations to this register are not affected. 
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6.2.6 Clock Input and LVD Control Register (CILCR) 


The Clock Input and LVD Control Register (CILCR) is used to control additional functions of the oscillator circuit and the Low 
Voltage Detection Level. 


Configuration of the Clock Input and LVD Control Register (CILCR) 


Figure 6-8 shows the configuration of the Clock Input and LVD Control Registers (CILCR) and Table 6-6 describes the func- 
tion of each bit. 


The register can be accessed 16-bit wide (VRCR) and 8-bit wide (low byte: VRCR, high byte CILCR). 
Figure 6-8. Configuration of the Clock Input and LVD Control Register (CILCR) 


9 8 Initial value 


14 
Address: 
co, BESO So 171000004 


R/W R/W R/W RW R/W 


Lo 
bit11 bit10 bit9 bits 


a 
A 
re 
a 
SS ———— 
a 
SS 

i a 
Re i 
a 
a 
TT 
a 


bit12 


Fast Clock Input Select 
Oscillation mode 
Fast external clock input mode 


bit15-13 


ea 
Always write "110" to these bits. 


‘s ue nee vale * Note: For the allowed settings and the analog detection level, please refer to 
R/W : Readable and writable the datasheet. 


: Initial value 
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Table 6-6. Function Description of Each Bit of the Clock Input and LVD Control Register (CILCR) 


pe Bitmame metion 


* These bits control the analog threshold level for the Low Voltage Detector (LVD): 


LVL3 | LVL2 | LVL1 LVLO | Low voltage detector level 


plevelOX 0* 


pee [tee 
peeve 


Level 2 * 


eet 
OS 
OO 
EE 

I 

LvLo to tvs: | Oe AZZ 

aeae a 

a 


Level 13 * 


teeta 
ee ——$—_a 


Level 15 * 


* These bits are initialized to "0000" by each reset. 


+ The Low Voltage Detector circuit will issue a reset request when this function is enabled and the external supply 
voltage drops below the selected threshold value. 


* Note: For the allowed settings and the analog threshold level, please refer to the datasheet. For more details refer 
to Resets and Startup on page 159 


* — This bit is initialized to "0" by each reset. 
* This bit selects the oscillation or Fast Clock Input mode of the Main Oscillator. 
FCI | Fast Clock Input Control 
Oscillation mode 
Fast External Clock Input mode 
bit 12 FCl 
This bit must be set to "0" when connecting an oscillator (crystal/resonator) to the Main Oscillator Pin XO and X1. 
It is also possible to connect an external clock with low frequency to the oscillator X0/X1 pins in this mode. 
For inputting an external clock with higher frequency, this bit must be set to "1" before the device is switched to 
external (main) clock. 
The frequency ranges for both settings are described in the datasheet. 
This feature is not available on all devices. See datasheet for more details. 


; : Always write "110" to these bits. 
= 18 Git Reserved The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 
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6.3 Clock Modes 


Four clock modes are provided: RC clock mode, Main clock mode, PLL clock mode and Sub clock mode. 


6.3.1 Definition of clock modes 


The clock mode of the MCU is defined by the source for the System clock 1 (CLKS1) which is selected by the SC1S[1:0] bits. 
CLKS1 is the master clock for the Bus clock (CLKB) that supplies the internal bus with CPU, memories, the DMA controller 
and the external bus interface, and for the Peripheral clock 1 (CLKP1) that supplies most peripheral modules. 


The selection of the System clock 2 (CLKS2) can be made independent of the clock mode. 


RC clock mode 


In RC clock mode, the clock generated by the internal RC oscillator is used for the System clock 1 (CLKS1). Hence the Bus 
clock (CLKB) and the Peripheral clock 1 (CLKP1) are fed by the RC oscillator. The RC clock frequency can be selected with 
the RC Clock Frequency Select bit (CKFCR: RCFS) between nominal 100kHz and 2MHz. 


The Main clock, PLL clock and Sub clock can be disabled with the MCE, PCE and SCE bits if they are not used for the Sys- 
tem clock 2 or the watchdog. Disabling these clocks also disables the corresponding source clock timers. 
Main clock mode 


In Main clock mode, the output signal of the Main oscillator is used for the System clock 1 (CLKS1). Hence the Bus clock 
(CLKB) and the Peripheral clock 1 (CLKP1) are fed by CLKMC. 


The RC clock, PLL clock and Sub clock can be disabled with the RCE, PCE and SCE bits if they are not used for the System 
clock 2, the watchdog or clock stop detect function. Disabling these clocks also disables the corresponding source clock tim- 
ers. 

PLL clock mode 


In PLL clock mode, either the modulated or the unmodulated PLL clock is used for the System clock 1 (CLKS1). Hence the 
Bus clock (CLKB) and the Peripheral clock 1 (CLKP1) are fed by CLKPLL or CLKMOD. The setting of the clock modulator 
decides if CLKPLL or CLKMOD is used. See Clock Modulator on page 147 for more details. 


The frequency of this clock signal depends on the setting of the PLL Control Register and the Main clock. 


The RC clock and Sub clock can be disabled with the RCE and SCE bits if they are not used for the System clock 2, the 
watchdog or clock stop detect function. Disabling these clocks also disables the corresponding source clock timers. The Main 
clock cannot be disabled in PLL clock mode. 

Sub clock mode 


In Sub clock mode, the output signal of the Sub oscillator CLKSC is used for the System clock 1 (CLKS1). Hence the Bus 
clock (CLKB) and the Peripheral clock 1 (CLKP1) are fed by the CLKSC. 


The RC clock, Main clock and PLL clock can be disabled with the RCE, MCE and PCE bits if they are not used for the System 
clock 2, the watchdog or clock stop detect function. Disabling these clocks also disables the corresponding source clock tim- 
ers. 


6.3.2 Clock source switching 


Clock source switching means changing the clock source for CLKS1 or CLKS2. 


Changing the clock source 


m Theclock source selection can be done independently for CLKS1 and CLKS2 


m Aclock source switching is done by writing a new value to the System clock select bits (SC1S[1:0] for System clock 1 and 
SC2S[1:0] for System clock 2) 


= Atransition to a different clock source is possible only when the selected clock is ready (means the corresponding ready 
flag RCM, MCM, PCM or SCM in the Clock Monitor Register CKMR is set). 
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m_ lf the selected clock is ready, then the clock source transition will be executed by starting the synchronization mechanism. 
The System Clock Monitor bits (SC1M for System clock 1 and SC2M for System clock 2) of the Clock Monitor register 
change to the new value after completion of this clock switching. 


m Writing a second value to the System clock select bits before switching to the mode selected before has completed, can- 
cels the first transition request. 


m_ if the selected clock is not available or not stabilized, then switching to the new clock mode will be delayed until the 
selected clock is available and stable (clock ready flag CKMR: RCM, MCM, PCM or SCM set). 


mu After Stop mode release by interrupt, the System Clock Selectors directly select the clocks which are defined by the 
SC1S/SC2S bits, irrespective of the clock ready monitor bits. Hence do not select an unavailable clock before switching to 
Stop mode because this clock is used for the restart by an interrupt. 


Reset and clock source 


The clock source for both System clocks (CLKS1 and CLKS2) is set to RC clock (CLKRC) by any reset. The RC clock stabili- 
zation time is applied after each reset. 


Access to peripheral resources clocked with CLKP2 or CLKP3 


Do not access (read or write) any resource clocked with the peripheral clock 2 (CLKP2) directly after changing the setting of 
the SC1S or SC2S bits. Do always make sure that the requested clock transition has completed by reading the SC1M/SC2M 
monitor bits. Access to resources clocked with CLKP2 is allowed only if SC1M[1:0] equals to SC1S[1:0] and SC2M[1:0] 
equals to SC2S[1:0]. 


6.3.3 Activating and Disabling source clocks 

m After each reset, the Main oscillator, Sub oscillator and RC oscillator are enabled while the PLL multiplier circuit is dis- 
abled. 

m Source clocks selected for the System clocks CLKS1 or CLKS2 are always activated. 


m Source clocks not used for the System clocks can be enabled and disabled with the corresponding enable bits in the 
CKSR register. 


m Disable a source clock for current saving by setting the corresponding enable bit in the CKSR register to "0". 


m_ Enable a source clock if it is needed for a certain function or for a fast System clock changing by setting the corresponding 
enable bit in the CKSR register to "1". After stabilization of the activated clock, the corresponding Clock monitor bit of the 
CKMR register is set and indicates the clock as "ready". 

m= The Main clock must be enabled if the PLL clock should be enabled (The setting of PCE has no effect when MCE is set to 
"0"). 

m= Setting MCE to "0" does not disable the Main oscillator when System clock 1 or 2 is set to Main or PLL clock because the 
Main clock is the input signal for the PLL multiplier circuit. 
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6.4 Configuration of the PLL 


The PLL multiplier circuit is used to generate the PLL clock out of the Main clock. 32 different multiplier values (mul-1 to mul- 
32) are available. 

6.4.1 Components of the PLL clock multiplier circuit 

The following block diagram describes the modules of the PLL. 


Figure 6-9. Block diagram of the PLL circuit 


PLL clock multiplier circuit 
CLKMC ' PLL core 
(Phase comparator }——___» 1/m divider CLKPLL 
and VCO) CLKVCO x 
1/n divider 
x 
>| CLKPLLFB 
PMS[4:0] VMS[2:0] 


PLL core (Phase comparator and VCO) 


The PLL core consists of a phase comparator which controls a voltage controlled oscillator (VCO). The phase comparator 
compares the input clock CLKMC (Main clock) with the output clock of the "1/n divider". The VCO generates the output clock 
CLKVCO which frequency depends on the setting of the "1/m divider" and the "1/n divider": CLKVCO = CLKMC * m * n. The 
allowed frequency range of CLKVCO is specified in the Datasheet. 


"1/m divider" (VCO clock divider) 


The "1/m divider" is controlled by the VMS[2:0] VCO clock Multiplier Select bits. It defines the frequency relation between the 
PLL output clock CLKPLL and the VCO output clock CLKVCO. The minimum division value is "2" to guarantee a PLL output 
clock with a duty cycle of 50%. It is also used to keep the VCO in its operating range. 


These bits must be set depending on the Main oscillation frequency CLKMC and CLKPLL in a way that the resulting CLKVCO 
frequency is always within the permitted range as described in the datasheet. Otherwise the PLL will not lock and the result- 
ing CLKPLL frequency is undefined. 


Do not change the setting of these bits after activation of the PLL. 


"1/n divider" (PLL clock divider) 


The "1/n divider" is controlled by the PMS[4:0] PLL clock Multiplier Select bits. It defines the frequency multiplication value of 
the PLL clock multiplier circuit (relation between CLKMC and CLKPLL). Multiplication values from 1 to 32 are available. How- 
ever the minimum and maximum permitted frequencies for CLKMC, CLKVCO and CLKPLL (->CLKS1/S2) must be adhered. 
Do not change the setting of these bits after activation of the PLL. 
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6.4.2 Setting the VCO clock Multiplier Select bits VMS[2:0] 


The "1/m divider" is programmable to keep the VCO in its operating range as specified in the datasheet for a wide range of 
PLL clock frequencies. Write a value to the VMS[2:0] bits which results in a valid CLKVCO clock frequency. The table below 
shows recommended settings for a 4MHz Main clock. For other Main clock frequencies, it is necessary to adjust the VMS[2:0] 
setting based on the formula: 


"CLKVCO = CLKMC *m*n". 


Table 6-7. Recommended settings for the PMS[3:0], VMS[2:0] bits for CLKMC=4MHz 


Main Requested ; Setting for 
pager Setting for s Fi VCO output 
Oscillation | PLL output PMS[4:0] bits (n VMS[2:0] bits frequency 


frequency | frequency Frc (m division 
CLKMC CLKPLL division value) value) CLKVCO 


"00101" (div 6) 
"00110" (div 7) | "001" (div 4) 
"01010" (div 11 
"10011" (div 20) 
"000" (div 2) 
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6.5 Oscillation Stabilization Wait Time 


When the power is turned on, when stop mode is released or when a disabled clock is enabled, an oscillation stabilization 
wait time is required before the clock can be used. 


6.5.1 Oscillation Stabilization Wait Interval 


Ceramic and crystal oscillators which can be connected to the X0/X1 and X0A/X1A pins generally require several ms to stabi- 
lize at their natural frequency (oscillation frequency) when oscillation starts. The internal PLL multiplier circuit and the RC 
oscillator also need a certain stabilization time after activation. For this reason, CPU operation with the activated clock is not 
allowed immediately after oscillation starts but is allowed only after full oscillation stabilization. 


After the oscillation stabilization wait interval has elapsed, the corresponding clock ready monitor bit will be set and the clock 
can be selected as System clock. 


Because the oscillation stabilization time of the Main and Sub oscillator depends on the type of oscillator (crystal, ceramic, 
etc.), the proper oscillation stabilization wait interval for the oscillator used must be selected. An oscillation stabilization wait 
interval is selected by setting the Clock Stabilization Select Register (CKSSR). The stabilization time of the RC oscillator is 
fixed and the stabilization time of the PLL can be selected depending on the PLL and main clock frequency. 


When the clock source is switched, the MCU runs with the previously selected clock until the newly selected clock is stabi- 
lized. When the corresponding clock ready flag is set, the MCU changes to the specified clock. 


A Power reset or External reset clears all source clock timers and clock ready monitor bits and the corresponding oscillation 
stabilization wait interval is applied. 


Software and Watchdog resets do not affect the source clock timers and Main and Sub clock monitor bits (no Main/Sub oscil- 
lation stabilization wait interval applied if clock was enabled before reset), but clear the RC and PLL clock monitor bits (PLL is 
disabled and RC oscillation stabilization time is applied). 


Clock stop resets clear the source clock timer and clock monitor bit of the clock that caused the reset. This clock should not 
be used any more. The PLL is also disabled and the RC oscillation stabilization time applied. 


Figure 6-10 shows the operation of the oscillators directly after activation. 


Figure 6-10. Operation Immediately after Oscillation Starts 


Oscillator-activated Oscillation stabilization Clock can be used 
oscillation time wait interval ; as System clock 


4 >< >< > 


X1/X1A ee UU U U 


Start of oscillation Stable oscillation Clock ready flag set 


RC clock stabilization interval 


The RC clock stabilization time is a fixed number of RC clock cycles (see datasheet). However after a Power reset or an 
External reset (RSTX falling edge), an additional wait time of 700 RC clock cycle (Power reset) or 700 RC clock cycles (Exter- 
nal reset) is applied by the reset extension circuit (see section Startup after Power and External reset on page 162 for more 
details). 


Main clock stabilization interval 


The Main clock stabilization time can be selected with the MCST[2:0] bits of the CKSSR register. 8 settings are possible as 
described in Table 6-3. 
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Sub clock stabilization interval 


The Sub clock stabilization time can be selected with the SCST[1:0] bits of the CKSSR register. 4 settings are possible as 
described in Table 6-3. 


PLL clock stabilization interval 


The PLL clock stabilization time can be selected with the PCST bit of the CKSSR register. 2 settings are possible as 
described in Table 6-3. 


6.6 Connection of an Oscillator or an External Clock to the 
Microcontroller 


The F2MC-16FX microcontroller contains up to two clock generation circuits for external oscillators, the Main oscillation circuit 
and the Sub oscillation circuit. Connecting an external oscillator to these circuits generates the Main clock and the Sub clock. 
Alternatively, externally generated clocks can be input to the micro controller. 


Example of connecting a crystal or ceramic oscillator to the microcontroller 
Connect a crystal or ceramic oscillator as shown in the following diagram. 


Figure 6-11. Example of Connecting a Crystal or Ceramic Oscillator to the Microcontroller 


F2MC-16FX MCU 


X0(X0A) X1(X1A) 


/// fit 


If this connection is used on devices, where the Fast Clock Input feature is available, the CILCR:FCI bit must be set to "0". For 
information about the availability of this feature, please refer to the datasheet. 


Example of connecting an external clock to the microcontroller 
As shown in the example in Figure 6-12, connect an external clock to pin XO (XOA). Pin X1 (X1A) must be open. 


For devices with the optional Fast Clock Input feature, it is possible to use a high speed clock frequency for the XO pin (please 
consult the datasheet for the actual limits of the clock input frequency and the availability of the Fast Clock Input feature). This 
feature is activated by setting the CILCR:FCI bit to 1’ before switching the device to the external Main clock. 


Cypress recommends to always use the Fast Clock Input feature when connecting an external clock to the Main oscillator. 
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Figure 6-12. Example of Connecting an External Clock to the Microcontroller 


F2MC-16FX MCU 


X0(X0A) X1(X1A) 


/// 
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This chapter provides an overview of the Clock Modulator and its features. It describes the register structure and operation of 
the Clock Modulator. 
7.1 Overview 


7.2 Register Description 
7.3 Application Note 


THIS FUNCTION IS UNDER EVALUATION. 
PLEASE CONTACT CYPRESS BEFORE USING THIS FUNCTION. 


7.1 Overview 


This section describes an overview of the Clock Modulator. 


Overview 


The clock modulator is intended for the reduction of electromagnetic interference - EMI, by spreading the spectrum of the 
clock signal over a wide range of frequencies. 


The module is fed with an unmodulated reference clock with frequency FO, provided by the PLL circuit (CLKPLL). This refer- 
ence clock is frequency modulated, controlled by a random signal. 


The mean frequency of the modulated clock is equal to the reference clock frequency FO. 


Figure 7-1. Frequency spectrum of the modulated clock (fundamentals only) 


oe modulation range 


we frequency 
Fimin Fo Fmax 


Modulation degree and frequency resolution 


Maximum and minimum frequencies (Fmax and Fmin) of the modulated clock are defined by the modulation degree parameter. 
Furthermore the resolution of the modulation range is selectable in 7 steps from low (1) to high (7). Higher resolution implies 
a finer granularity of discrete frequencies in the spectrum of the modulated clock but less possible modulation degrees. 
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In general the highest possible frequency resolution combined with the highest possible modulation degree results in the 
highest EMI reduction. But for some cases lower modulation degrees may result in a better EMI behavior. Please refer to the 
table of possible settings in Table 7-4. 

7.2 Register Description 

This section lists the clock modulator registers and describes the function of each register in detail. 


Clock modulator registers 


Figure 7-2. Clock modulator registers 


CMCR: Clock Modulator Control fae 
Address: 


te [eT [| [= [Step 


- R/W R/W ph - R R/W R/W 
Initial value xX 0 0 Xx 0 0 Oo 


CMPRL: Clock Modulator Parameter Register (lower) 
Address: 


SO aaa 


a R/W R/W R/W R/W R/W RIW R/W R/W 
Initial value 1 1 1 1 1 1 0 1 


CMPRH: Clock Modulator Parameter Register (upper) 
Address: 14 


11 
coe [ms [eo feefin mm oe 


R/W R/W R/W RIW RW R/W 
Initial value x Xx 0 0 0 0 1 0 


ial Clock Modulator Control Register (CMCR) 


The Control Register (CMCR) has the following functions: 
m Set the modulator to power down mode 

m Modulator enable/disable 

m Indicates the status of the modulator 
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Clock modulator control register (CMCR) 


Clock Modulator 


Figure 7-3. Configuration of the clock modulator control register (CMCR) 


Address: 


R/W 


7 


- R/W RW RW - 


— 


6 5 4 3 2 1 0 
oot [am [o [ [= [se ed 


R_ R/W R/W 


: Undefined value 
: Readable and writable 
: Read only (writing is ignored) 


: Initial value 


1 


bit2 


1 


Initial value 
X001X000, 


Power down bit 


Power down mode 


Power up 


Modulation enable bit 


Modulation mode disabled 
Modulation mode enabled 


Modulator status 
Clock frequency unmodulated 
Clock frequency modulated 
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Clock modulator control register contents 


Table 7-1. Function of each bit of the clock modulator control register 


Bit name mt 


PDX: 
Power down bit 


MODEN: 
Modulation enable bit 


MODRUN: 
Modulator status bit 


bit 3 Reserved 


"0": Power down mode 
"{": Power up 


+ PDX is the power down signal for the modulator. Before the modulation can be enabled, this bit must be set to 1 
and the startup time of 6 us must be awaited. Please refer to the application note for a description of the recom- 
mended startup sequence. 


* Before switching to power down mode (PDX=0), the modulator must be disabled -> MODEN=0 and MOD- 
RUN=0. 

"0": Modulation disabled. 

"{": Modulation enabled. 

* To enable the modulation, MODEN must be set to 1. 
Before the modulation can be enabled, the PLL must deliver a stable reference clock (PLL lock time must be 
elapsed). 
The specified PLL frequency range for modulation is 16 MHz to 84 MHz. 


Each PLL output frequency offers a set of possible modulation parameters. The selected setting (CMPR regis- 
ter) and the PLL frequency must match. 
Please refer to the CMPR register description. 


Whenever the PLL output frequency is changed or the PLL is switched off e.g. in power down modes, the mod- 
ulator must be disabled before -> MODEN=0 and MODRUN=0. 


Before the modulation can be enabled, the modulator must be switched from power down to active mode by set- 
ting PDX to 1 and the startup time of 6 us must be awaited. 
Please refer to the application note for a description of the recommended startup sequence. 


Before the modulation can be enabled, a proper setting must be selected via the parameter register CMPR. 


After enabling the modulation by setting MODEN to 1, the modulator is calibrated. During this time, the clock is 
unmodulated. Therefore the output clock does not switch immediately to modulated clock. The status of the 
clock (frequency modulated / unmodulated) is indicated by the MODRUN status bit. Please refer to the MOD- 
RUN bit description. 


Due to the synchronization of the MODEN signal and the synchronized switching to unmodulated clock, it takes 
less than 9 x TO (input clock period) before the clock switches to unmodulated clock after the modulation is dis- 
abled. The modulation can be disabled at any time. 


Before changing the parameter register CMPR, the modulation must be disabled -> MODEN=0 and MOD- 
RUN=0. 

"0": MCU is running with unmodulated clock 

"{": MCU is running with modulated clock 


* MODRUN indicates the status of the modulator output clock. If the output clock is modulated, MODRUN is set to 
1, otherwise MODRUN is set to 0. 


* After enabling the modulation mode by setting MODEN to 1, the modulator is calibrated. During this time, the 
clock is unmodulated. Therefore it takes several tis before the output clock switches to modulated clock and the 
MODRUN bit is set to 1’. The calibration time is measured with the Main clock timer and takes 256-512 Main 
clock cycles (64-128us at 4MHz Main clock frequency). Do not clear the Main clock timer during calibration. 


Due to the synchronization of the MODEN signal and the synchronized switching to unmodulated clock, it takes 
less than 9 x TO (input clock period) before MODRUN changes to 0 and the clock switches to unmodulated clock 
after the modulation is disabled. 


* The MODRUN bit is read only. Writing to MODRUN has no effect. 

+ Before changing the parameter register CMPR, the modulator must be disabled -> MODEN=0 and MODRUN=0. 
ways write "0" to this bit. 

he read value of this bit is undefined. 

Read modify write operations to this register are not affected. 


A 
T 


. + Always write 1 to this bit. 
bit 4 Reserved : hed : 
* Reading this bit returns the write value. 
. : ; + Always write 0 to these bits. 
bit 5 - bit 6 Undefined : ; . 
* Reading these bits returns the write value. 
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Always write "0" to this bit. 
The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“ag” EMBEDDED IN TOMORROW Clock Modulator 


In the Table below the modulator states are summarized: 
Table 7-2. States of the modulator 


modulator disabled 


MODRUN 
(read only) 


modulator enabled , modulator is calibrating, modulation not active 
modulation is active 
others not allowed 


modulator power on, 1 
waiting modulator startup time (> 6 ps) 
a es ee ee ee 


ti22 Clock Modulation Parameter Register (CMPR) 


The Clock Modulation Parameter Register (CMPR) determines the modulation degree. 


Clock Modulation parameter register 


Figure 7-4. Clock Modulation parameter register 


CMPRL: Clock Modulator Parameter Register (lower) 
Address: fs 9 es ee 
coostén[e Jo[e]e [[oi]os 


a R/W R/W R/W R/W R/W R/W R/W R/W 
Initial value 1 1 1 1 1 1 0 1 


CMPRH: Clock Modulator Parameter Register (upper) 


Address: 15 14 1 11 10 9 8 


3 12 
nee DP Deri 


- - R/W RW RW RW R/W R/W 


Initial value xX xX 0 0 oO 0 1 0 
Xx : Undefined value 
R/W : Readable and writable 


m= The modulation parameter determines the degree of modulation and the maximal and minimal occurring frequencies in 
the modulated clock. Please refer to the application note for a description of an approach to select the optimal setting. 


m Each set of possible modulation parameters refers to a particular PLL frequency. The PLL frequency and the selected 
parameter must match. Please refer to the following table of possible settings. 


Note: 


The modulation parameter must be changed only when the modulator is disabled and the RUN flag is 0 (MODEN=0, MOD- 
RUNS=0). 
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Clock Modulation parameter register contents 


Table 7-3. Function of each bit of the clock modulation parameter register (CMPR) 


pp Bitmarme etic 
bit 15, 14 Undefined 


MP13 to 0: 
bit 13 to0 ; Depending on the PLL frequency the following modulation parameter settings are possible. The corresponding 
galas Parameter CMPR register value is stated in the most right column. 
its 


The table below shows the recommended setting for several MCU clocks and modulation parameters. 


Make sure the frequency range finax and fmin Of the clock modulator output clock CLKMOD of the selected modulation setting 

does not exceed the permitted frequency range of the MCU (see Figure 6-1 on page 120): 

m The fax CLKMOD must be lower than the maximum permitted system clock frequency fo. Ks1 of the MCU devices (see 
datasheet: ‘Internal Clock timing’). 

m  Ifinternal clock CLKB or CLKP1 is set to "divide by 1", then the f,,4, CLOMOD must be lower than the permitted maximum 
frequency of foLKB and foLKP1 - 

m Flash devices: The frpin aNd frngx Of CLOMOD must be valid between the permitted frequency range of fo, xs; for the used 
Flash timing setting (see hardware manual: Table 33-4 on page 670). 


Table 7-4. Modulation Parameter recommended settings (Sheet 1 of 5) 


fmax CLKMOD Modulation modulation 


(MHz) pe degree 


frequency 
resolution value (hex) 
02AE 
02ED 
032C 


04AC 
086C 


036B 
OA6B 


11 
3 
13 


7 
5 
3 
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Table 7-4. Modulation Parameter recommended settings (Sheet 2 of 5) 


fmin CLKMOD fmax CLKMOD eae modulation frequency CMPR register 
(MHz) (MHz) (MHz) degree resolution value (hex) 


i) 
oa 
; 
je] 
ie) 
for) 
7 


N a 
for} ua 
-+- 
Pf 
oo fo} 
SRIF 8 
OmM|oa > 
oO Oo;mm 


° 

= 
Z 
poe 


= 
= 


21.7 
26.7 


o 
BR 
: 
+: 
oo 
aN 
ao Mm 
i" 


oun o 
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Table 7-4. Modulation Parameter recommended settings (Sheet 3 of 5) 


fmin CLKMOD fmax CLKMOD eI Eulen modulation frequency CMPR register 


(MHz) (MHz) eye degree resolution value (hex) 


a 


37.3 


53.8 
61.2 
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Table 7-4. Modulation Parameter recommended settings (Sheet 4 of 5) 


Modulation 
bandwidth 
(MHz) 


modulation 
degree 


fin CLKMOD 
(MHz) 


fmax CLKMOD 
(MHz) 


frequency 
resolution 


CMPR register 
value (hex) 


Ne 
a 
; 
fo) 
Xe) 
fon) 
7 


au o 
aad ne) 
he 
rf 
oo ° 
SRIF 
Qam\|oa > 
CO ojJmm 


ss a 
o 
o io 
fe 
fo 


wo 

a 

R 
pose 
vooabe 


oe. 
a Ole 


; 


9 
5 
3 


on 


wo ine} 

S 8 

oa oa 

fe 
fo 


Oonw nD = 
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Table 7-4. Modulation Parameter recommended settings (Sheet 5 of 5) 


fin CLKMOD fmax CLKMOD feasted modulation frequency CMPR register 
(MHz) (MHz) (MHz) degree resolution value (hex) 


11 
; 3 
1 13 
2 7 
41.9 
3 5 
6 3 


- 


me 
a 
w 
r 
P- 
28 
a > 
m m 


Le} 
& 
o 


foe} 
oa 
- 
j=) 
De) 
fer) 
7 


om 

ay 

w 
r 
+} 
g8 
a > 
m m 


wo 
j=) 
De) 
for) 
7 
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7.3 Application Note 


This chapter describes the startup/stop sequence of the clock modulator and the modulation parameter settings. 


Recommended startup/stop sequence 


A: Switch modulator from power down to power up mode: Set PDX=1 
2. Switch on PLL 
cn 3. Wait PLL lock time (refer to the CKMR:PCM bit). 
4. Set CMPR register to a proper setting 
5. Enable clock modulation by setting MODEN=1 
After the calibration is finished, the clock switches from unmodulated to modulated clock and the MODRUN flag changes to 1 
... running... 
6. Disable modulator by setting MODEN=0 
Te Wait until MODRUN changes to 0 
stop 
8. Switch to power down mode by setting PDX=0 
9. Disable PLL, switch to other operation mode (Standby mode, etc.) 
Note: 


Do not enable the modulator before the PLL lock time has elapsed. Do not disable the PLL while the modulator is running. 


Modulation parameter 


It is not possible to recommend a particular modulation parameter setting to achieve a particular reduction in EMI. The best 
setting depends much on the actual application, the whole system and the requirements. 


In order to find the optimal modulation parameter setting, the following approach is recommended. 


1. define the required PLL frequency CLKPLL based on performance e.g. 32 MHz 
needs 
determine the maximal allowed CLKS1 clock frequency of the 

2 MCU (see data sheet). When the CLKB or CLKP1 divider is set to e.g. 48 MHz 


"divided by 1", select the maximal allowed CLKB/CLKP1 fre- 
quency. 


Determine the settings with the highest fmax CLKMOD frequency 
3. which is still below the above determined maximal allowed clock 
frequency of the MCU. 


e.g. CMPR = 0x032C, 0x04AC, Ox086C (fmax = 
45.6MHz) 


e.g. CMPR = 0x032C: frequency resolution = 9, modula- 


3. Choose the setting with the highest frequency resolution. tion degree = 1 
4. Perform EMI measurements 
5 If the EMI measurements does not fulfill the requirements, choose 


the next setting: 


If available, select the next setting with the same maximum CLK- 

MOD frequency range (higher modulation degree and lower fre- e.g. CMPR = 0x04AC: frequency resolution = 5, modula- 
quency resolution). tion degree = 2 and CMPR = Ox086C: frequency resolu- 
This may improve the reduction of the fundamental < 100 MHz, but _ tion = 3, modulation degree = 4 

worsen the reduction in the upper frequency band > 100 MHz 


Otherwise select the next settings with a lower maximum CLKMOD 


frequency range e.g. CMPR = 0x02ED 


6 repeat item 4. with the new setting and continue until the best set- 
id ting is identified 
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Note: NOT ALL SETTINGS ARE ALLOWED ON EVERY DEVICE! 
Please consider the actual maximal allowed CLKS1 and CLKB/CLKP1 clock frequency of the MCU (refer to the data sheet). 


Note: SETTING RESTRICTIONS FOR FLASH DEVICES 


When using the clock modulator, extra care is needed for Flash devices. A Flash timing setting must be used which is valid at 
the minimum and the maximum possible output frequency of the clock modulator. 


158 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


8. Resets and Startup 


Se CYPRESS 


“agg” «0s: EMBEDDED IN TOMORROW 


This chapter describes the resets and the startup of for the F2MC-16FX family microcontrollers. 
8.1 Resets 


8.2 Reset, System clock and Stabilization Wait Times 

8.3 Startup after Power and External reset 

8.4 Boot ROM program execution and Operation mode and ROM Configuration Block 
8.5 Reset Control Registers 

8.6 Operation of the Clock stop detection function and reset 


8.7 Operation of the low voltage reset function 


8.1 Resets 


If a reset is generated, the CPU immediately stops the current execution process and waits for the reset to be cleared. The 
CPU then begins with the Boot ROM program execution. Depending on the Mode pin settings, the Boot ROM program 
branches into different operating modes or starts the user program. 

The five causes of a reset are as follows: 

m Power reset (Power-on or Low voltage) 

External reset request via the RSTX pin 

Clock stop detection 

Software reset request 


Watchdog timer overflow 


8.1.1 Causes of a reset 


Table 8-1 lists the causes of a reset. 


Table 8-1. Causes of a reset 


System clock CLKS1 and | Reading of mode 
Type of reset cause CLKS2 after reset release pin setting Ee Micontcats 


When the power is turned on or 

when Vcc is below the Low Volt- 

age Detector level (LVL in 
Bowel CILCR register). Please refer to Yes pen iets 

the Datasheet for the analog 

values. 
External pin L level input to RSTX pin RC clock CLKRC 
Clock stop detection _| Failure of external oscillator _ Not guaranteed 


A"1" is written to the SRSTG bit 
Software of the Reset Configuration Reg- 
ister (RCR). 


Watchdog timer Watchdog timer overflow. 


The MCU is running with the RC clock set to nominal 2MHz after each reset. 
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Power reset 


A power reset is generated when the power is turned on with a power on rise time as specified in the datasheet (power-on 
reset) or when the low voltage detector detects that the power supply Vcc is below a certain value as specified in the LVL bits 
of the CILCR register (low voltage reset). Refer to the Datasheet for the analog LVL levels. A power reset is internally pro- 
longed by the Power reset extension circuit to a minimum length of 700 RC clock cycles 


The contents of internal RAM and all registers with initial value ’X’ is undefined after a Power reset. 


External pin reset 


An External pin reset is generated by a L level input to the external reset pin (RSTX pin). This signal is internally prolonged by 
the External reset extension circuit to a minimum length of 700 RC clock cycles. 


Because the external reset is asynchronous, it becomes active with little delay (some 10ns) after assertion, disregarding 
whether the device is clocked or not. 


The contents of internal RAM and all registers which are not reset (initial value ’X’) is maintained except for the 4 bytes at the 
address 7FFC-7FFF. 


Figure 8-1. Block diagram of external reset pin 


a a 
RSTX Pch 
, , lobal reset 
; Noise Filter for Reset > q IIM 
Pin ¢ falling edge Controller pavaiiceg 
Nch 
Input 
buffer 


Clock stop detection reset 


A Clock stop detection reset is generated upon a failure of the Main or Sub clock oscillator depending on the current operation 
mode and the setting of the Reset Configuration Register (RCR). See section 8.6 Operation of the Clock stop detection func- 
tion and reset for more details. 


The contents of internal RAM memory and all registers which are not reset (initial value 'X’) cannot be guaranteed after a 
Clock stop detection reset. 


Software reset 
A Software reset is an internal reset generated by writing "1" to the SRSTG bit of the Reset Configuration Register (RCR). 


The contents of internal RAM and all registers which are not reset (initial value ’X’) is maintained. 


Watchdog timer reset 


A Watchdog timer reset is generated when the watchdog timer is activated but not cleared within the defined period as spec- 
ified in the chapter Watchdog Timer and Watchdog Reset on page 225 


The contents of internal RAM and all registers which are not reset (initial value ’X’) is maintained. 


Note: 
*1: Except for bytes at addresses 7FFC-7FFF. 
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The contents of the registers in the GPR bank 00 and 01 as well as the 4 above mentioned RAM bytes are undefined after 
each reset. The contents of the other GPR registers is either maintained or undefined (depending on reset cause as 
described above). 


Note: 


Status of pins at reset: all pins are in Hi-Z state. See also Table 12-11 on page 284. 


8.2 Reset, System clock and Stabilization Wait Times 


The F2MC-16FX family has five reset causes. The System clocks (CLKS1 and CLKS2) are set to RC clock after each reset. 
The stabilization wait time depends on the reset cause and the status of the RC oscillator when the reset occurs. 


8.2.1 Reset causes and stabilization wait times 


Table 8-2 summarizes which stabilization times are applied for the different reset causes. 


Table 8-2. Reset cause and stabilization wait times 


Reset cause Stabilization wait time 


700 RC clock cycles Power reset extension time (approximately 350s at 2MHz nominal RC clock frequency) 
Power reset plus the RC clock stabilization time (see datasheet). 


This wait time starts AFTER reaching a valid power supply (external and internal voltage). 
700 RC clock cycles External reset extension time (approximately 350us at 2MHz nominal RC clock fre- 
quency) plus the RC clock stabilization time (see datasheet). 


The External reset extension time starts already at the falling edge of the RSTX input signal while the RC 
clock stabilization time is applied after RSTX release. 


External reset 


Clock stop detection 
reset 


Software reset RC clock stabilization time is applied (see datasheet) 


Watchdog timer reset 


Each reset activates the RC oscillator, Main oscillator and Sub oscillator, stops the PLL and resets the Clock Stabilization 
Select Register (CKSSR). 


A Power or External reset clears all clock ready monitor bits. 


Other types of resets only clear the PLL and RC clock ready monitor bit, but not the Main and Sub clock ready monitor bits. 
Active clocks stay active and disabled clocks are activated and become ready after the stabilization time defined in the 
CKSSR register. 


See Clocks on page 119, for more details about selected clocks and oscillation stabilization wait times. 


8.2.2 Stabilization wait time in case of an External reset 


The stabilization wait time in case of an External reset consists of two parts, the External reset extension time and the RC 
clock stabilization time. The External reset extension time starts counting with the assertion of RSTX (falling edge) while the 
RC clock stabilization time starts counting after RSTX release. Hence the start of the program execution depends on the 
assertion time of RSTX as follows: 


External reset asserted for more than 700 RC clock cycles 


The External reset extension time is already expired in this case. Hence the CPU starts executing the Boot ROM program 
after the RC clock stabilization time after clearing the External reset. 


External reset asserted for less than 700 RC clock cycles 


The External reset extension time is not expired in this case. Hence the execution of the Boot ROM program by the CPU is 
delayed until the External reset extension time plus the RC clock stabilization time is expired. 
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8.2.3 Stabilization of the Main oscillator 


The initial value of the Main oscillation stabilization wait time selector is set to 2'® Main clock cycles (MCST[2:0] = "111"). This 
value can be overwritten directly after start of the User program execution (when the MCU is running in RC clock mode). 
Select a value suitable for the used oscillator. 


The Main oscillation stabilization wait time is measured with the Main clock counter which starts counting when the Power 
and External reset extension time is expired. Hence if RSTX is asserted for more than 700 RC clock cycles, then the Main 
oscillation stabilization wait time takes place already when RSTX is still asserted. 


This allows controlling the Main oscillation stabilization time by RSTX. Release RSTX after stabilization of the Main oscillator 
and set MCST[2:0] to a value that already expired. However before disabling the Main oscillator (by writing to the MCE bit or 
by going to Stop mode), a suitable value must be written to the MCST[2:0] bits because this value will be used after reactiva- 
tion of the Main oscillator. 


8.2.4 Stabilization of the Sub oscillator 


The initial value of the Sub oscillation stabilization wait time selector is set to 2'® Sub clock cycles (SCST[1:0] = "11"). This 
value can be overwritten directly after start of the User program execution (when the MCU is still running in RC clock mode). 
Select a value suitable for the used oscillator. 


The Sub oscillation stabilization wait time is measured with the Sub clock counter which starts counting when RSTX is 
cleared and the External reset and Power reset extension time is expired. 


8.3 Startup after Power and External reset 


After a Power or External reset event, the MCU waits for the stabilization of the power supply and the RC oscillator. Then the 
MCU starts executing the Boot ROM program with the RC clock as clock source (RC Run mode). 


A transition to another clock mode (Main clock, PLL clock or Sub clock) is possible after stabilization of the respective clock. 
The stabilization times for the external oscillators can be adjusted to the characteristics of the connected oscillators. 
8.3.1 Initialization after startup 


After startup, the MCU must be reset to put all registers in the initial state. This is possible by applying an external reset or by 
using the Power reset functions. 


Initialization by External reset 


Applying a low level at the RSTX input during or after switching on the power supply initializes the complete MCU. Reset 
extenstion and stabilization wait times are applied as specified below. 


Initialization by Power reset 
The MCU can also be started without asserting an External reset by using the Power reset functions. 


If a power-on voltage profile as specified in the datasheet under "Power On Reset timing” is applied, then the MCU will start 
running after reaching a power supply voltage level above the default threshold of the Low Voltage Detector (Level 0). 


Reset extenstion and stabilization wait times are applied as specified below. 


8.3.2 Reset extension 


Power and External reset events are extended by the reset extension circuit to guarantee the stabilization of the voltage reg- 
ulators and comparators before program execution starts. 


Power reset extension 


The Power reset extension counter is a 10 bit counter that is initialized by the power-on detector and by a low voltage reset 
and that is clocked by the RC clock CLKRC. 
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This counter keeps the internal Power reset signal PRST active for 700 RC clock cycles after the last power-on or low voltage 
event was cleared. PRST is deactivated if the power supply was stable for at least 700 RC clock cycles (approximately 350us 
at 2MHz nominal RC clock frequency). 


External reset extension 


The External reset extension counter is also a 10 bit counter that is initialized by a falling edge at the RSTX input pin and that 
is clocked by the RC clock CLKRC. A Power reset also initializes this counter to achieve a defined startup time even if the 
device is started by a Power reset only. 


This counter keeps the signal ERST active for 700 RC clock cycles after the last falling edge of the RSTX input pin (approxi- 
mately 350us at 2MHz nominal RC clock frequency). 


If RSTX is asserted for more than 700 RC clock cycles, then this function has no effect. 


Figure 8-2 shows a block diagram of the reset extension circuit and Figure 8-3 shows a timing diagram of the External reset 
extension function. 


Figure 8-2. Block diagram of reset extension circuit 


CLKRC — > Clock 
Power reset extension counter (1 Obit) t———_» PRST 


Power-on event —?> } Init 
Low voltage event —> 


CLKRC — Clock 
PowelOnieyent: <--> _ External reset extension counter (10bit) 
Low voltage event —» ¢ Init 
— 


falling edge detection 
* ERST 
RSTX pin |—PINoise filter @ 
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Figure 8-3. Function of the External reset extension circuit 


Case 1 (short RSTX assertion) Case 2 (long RSTX assertion) 
RSTX |! ee ~~] 
External reset extension 700 —— ica 
counter value ‘ 


External reset extension 
counter output signal 


ERST 
= es a. = A 
ERST clear time ERST clear time 
defined by External defined by RSTX 
reset extension counter (RSTX asserted for more than 
(RSTX asserted for less than 700 RC clock cycles) 


700 RC clock cycles) 


8.3.3 Source clock timers and clock ready monitor bits 


The Source clock timers (RC clock timer, Main clock timer and Sub clock timer) and the clock monitor bits (RCM, MCM, PCM 
and SCM) are all cleared by a Power or External reset event while the three oscillators are enabled. 


RC clock timer, Sub clock timer, RCM bit and SCM bit 


The RC clock timer and Sub clock timer are cleared and stopped by PRST or ERST. They start counting when both PRST 
and ERST are released. Hence the RC clock ready monitor bit RCM and the Sub clock ready monitor bit SCM cannot be set 
as long as ERST or PRST are active. 


Main clock timer and MCM bit 


The Main clock timer is cleared and stopped during the External or Power reset extension time only. Hence the Main clock 
timer is activated 700 RC clock cycles after a RSTX falling edge or 700 RC clock cycles after clearing a power-on or low volt- 
age event. Thus the Main oscillation stabilization wait time takes place even if RSTX is still asserted. 


PCM bit 

The PLL is always disabled and the PLL clock ready monitor bit PCM cleared by reset. The PLL must be enabled by software 
after User program start. 

8.3.4 Start of program execution after Power or External reset 


The RC clock timer starts counting after deactivation of PRST and ERST. After the RC clock stabilization time, the RC clock 
ready monitor bit RCM will be set and the internal reset signal for the CPU will be released. After reset release, the CPU is 
always in RC clock mode with the RC clock frequency set to nominal 2MHz and starts executing the Boot ROM program. 


The low Voltage Detector level (LVL bits of CILCR register) is initialized to the lowest possible value. If a higher detection 
value should be needed, the register value can be changed accordingly. 


See also section 8.2 Reset, System clock and Stabilization Wait Times for more details. 


8.3.5 Transition to Main clock mode 
A transition to Main clock mode is done by writing to the System clock select bits of the CKSR register. 


The transition however is delayed until the Main clock is stabilized which is indicated by the Main Clock ready Monitor bit 
MCM (set to "1"). 
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The stabilization time of the Main oscillator is defined by the CKSSR: MCST[2:0] bits as described in section 8.2 Reset, Sys- 
tem clock and Stabilization Wait Times. 


Note: Use of the Fast Clock Input feature, which is optional on some devices, requires setting the FCI bit of the CILCR regis- 
ter to 1 before switching to main clock mode. Please refer to the Datasheet for the input characteristics of the oscillator pin. 


8.3.6 Transition to PLL clock mode 


The PLL must be configured and enabled by software. The PLL stabilization wait time takes place after PLL activation and 
after stabilization of the Main clock (MCM="1"). 


A transition to PLL clock mode is possible when the PLL Clock ready Monitor bit PCM is set. 


It is possible to directly switch from RC clock mode to PLL clock mode or via Main clock mode. 


8.3.7 Transition to Sub clock mode 
The Sub oscillator is enabled by each reset and the Sub clock stabilization time starts after PRST and ERST are released. 


The stabilization time of the Sub oscillator is determined by the CKSSR: SCST[1:0] bits which define when the Sub Clock 
ready Monitor bit SCM will be set. A transition to Sub clock mode is delayed until SCM is set to "1". 


8.4 Boot ROM program execution and Operation mode and ROM 
Configuration Block 


When the reset signal is released, the MCU starts with the execution of the internal Boot ROM program. The Boot ROM pro- 
gram reads the status of the mode pins (MD2-MD0), which define the operation mode of the MCU. Depending on the mode 
pin setting, the MCU activates the Parallel Flash Programming mode, the Serial Communication mode or starts executing the 
User program. 


After the activation of the MCU operation mode, further Boot ROM program execution is defined by the configuration stored in 
the so-called ROM Configuration Block in Flash/ROM, which also determines the Boot Vector (user program start address). 


Finally, the Boot ROM program will start execution of the user program at the Boot Vector. 


8.4.1 External bus 
By default, the Boot Vector (user program start address) is read from the fixed address FF:FFDCy. 


Devices with external bus interface allow reading the Boot Vector from external memory. Depending on the mode pin setting, 
three different external bus configurations can be selected for reading the Boot Vector. 


The Boot ROM program reads the Boot Vector and the mode byte from a fixed address. The bus configuration is changed 
according to the given mode byte and the user program is started at the given address (Boot Vector). 


8.4.2 Mode pins 


The mode pins MD[2:0] define the operation mode of the MCU. The mode pin setting is internally sampled and can only be 
changed by a Power or External reset event (the Mode pin data is sampled when the signals PRST and ERST defined in 
Figure 8-2 are both deactivated). Hence the operation mode cannot be changed by a Clock stop detection, Software or 
Watchdog timer reset event. 
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The sampled mode pin signals are read by the Boot ROM program after reset release, which determines the operation mode 
according to the following table. 


Table 8-3. Mode Pin settings 


Mode pin | = Mode pinsetting = Configuration of external 
Operation mode name Boot Vector Source bus for Boot Vector read 

8 bits, address/data multi- Available only for devices with 

16 bits, address/data multi- | Available only for devices with 


Internal memory or : 
AH Internal Vector mode feces value Available for all devices 


Reserved (Test mods) -____}_______ 
Reserved (Test mods) — 


8 bits, address/data non-mul- EE only for devices with 
acre External Vector mode 2 External memory tiplexed external bus interface 
Parallel Flash programming 
mode Available only for Flash devices 


8.4.3 Operation modes 


External Vector modes (MD[2:0]="000"", "001" or "110") 


External vector modes are CPU run modes where the Boot Vector and a mode byte are read from an external memory at 
FF:FFDC,, via the external bus interface. These modes are available only for devices with an external bus interface. 


Optionally, a built-in monitor debugger kernel can be initialized, if the BDM Activation Marker is set in ROM Configuration 
Block. Note that neither internal ROM nor built-in monitor debugger kernel can be used in External Vector mode, if read secu- 
rity is enabled. 


See External Bus Interface on page 235 for more details. For details how to configure the monitor debugger kernel, please 
refer to application note MCU-AN-390213-E. 


Internal Vector mode (MD[2:0]="011") 


The Internal vector mode is a CPU run mode where the Boot Vector (user program start address) is read from an internal 
memory at FF:FFDCy. 


Optionally, a fixed Boot Vector can be selected, if the Fixed Vector Activation Marker is set in the ROM Configuration Block. 
The fixed Boot Vector allows implementation of boot loader applications. 


After main reset and before starting user program, the Boot ROM temporarily scans dedicated UART channels for an external 


communication request as in Serial Communication mode’. Optionally, this scanning can be disabled, if the UART Scan 
Deactivation Marker is set in the ROM Configuration Block. 


Optionally, a built-in monitor debugger kernel can be initialized, if the BDM Activation Marker is set in the ROM Configuration 
Block. 


The Internal Vector mode is available for all MCU types and the fixed Boot Vector is given by DF:0080,,. 


Serial Communication mode (MD[2:0]="010") 


This mode allows the reading and writing of any memory address by serial communicated read/write commands. Program- 
ming of the internal Flash is possible by executing tiny program in RAM. 


1. Not supported by all derivatives. 
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Despite of dedicated read/write commands, the internal RAM area 0x7CO00 to Ox7FFF might also be changed by other com- 
mands (e.g. CRC check). 


If the ROM/Flash security feature is activated, then reading, writing and programming is only possible after transmitting the 
correct security key. 


See Flash Memory on page 659 and ROM/Flash Security on page 713 for more details. 


Parallel Flash programming mode (MD[2:0]="111") 


This mode allows the programming of the internal Flash on a parallel Flash programmer. This mode is available only for Flash 
devices. 


See Flash Memory on page 659 for more details. 


Test mode (MD[2:0]="100" or "101") 


These modes are reserved for test functions. 


8.4.4 ROM Configuration Block (RCB) 


The ROM Configuration Block is a fixed area in Flash A/ROM and if present Flash B, Data Flash A and Data Flash B, which 
enables the user to configure the behavior of the Boot ROM. User program should not allocate it for program except for spec- 
ified configuration data. 


The ROM Configuration Block A (RCBA) is located at address DF:0000,, - DF:007Fy, (start address of Flash A or ROM). The 
ROM Configuration Block B (RCBB) is located at address DE:0000,, - DE:002F,, (start address of Flash B, if present). The 
ROM Configuration Block for the Data Flash A is the Data Flash Configuration Block A (DFCBA) located at address 0OE:FFOO,, 
- OE:FF2Fy (if present). The ROM Configuration Block for the Data Flash B is the Data Flash B Configuration Block B 
(DFCBB) located at address 0E:FE00,, - OE:FE2F,, (if present). They are read and processed by Boot ROM. Its content can 
be set and changed by any method, which writes or erases Flash memory. 


RCBA, RCBB, DFCBA and DFCBB configure the security setting of belonging Flash/ROM or Data Flash. In addition, the 
RCBA also configures the boot sequence and background debug mode. 


Table 8-4. Structure of ROM Configuration Block A (RCBA) 


| Sub-block | Marker | Comment 
esoved | 
esoved | 

configuration block 

resoved | 


Activation of fixed Boot Vector in internal vector mode by 
BBVAM 292D3A7By 
" Deactivation of UART scanning in internal vector mode b 
Boot Sequence configura- | USDM peters mein ” y 
tion block H 


eseved | —“—sCSCSCSCs 
Background Debugging BDMAM Activation of BDM by 292D3A7By, 
configuration block BDM Configuration 
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Table 8-5. Structure of ROM Configuration Block B (RCBB) 


ee 
fee TT 


12H-1BH resoved | 
Security and Protection _ ; ; 

1CH-1FH configuration block FWPAMB Activation of Flash write protection by 292D3A7BH 

20H-27H FWPSMB Sector selection for Flash write protection 

28H-2FH reseved Pe 


Table 8-6. Structure of Data Flash Configuration Block A (DFCBA) 


| offset | Sub-biock | Marker | Comment 

MSBDA Secure Data Flash A by 99, permit access by 66, 

| a ees OCOCOC‘CS 
Security and Protection 

02H-11H configuration block MSUKDA Unlock key for secured Data Flash A 


Table 8-7. Structure of Data Flash Configuration Block B (DFCBB) 


| offset | Sub-block | Marker | Comment 
MSBDB Secure Data Flash B by 99y,, permit access by 66, 
resoves | OCOC~CSOOSCSCSC*CS 


Security and Protection 
02H-11H configuration block MSUKDB Unlock key for secured Data Flash B 


8.4.5 Function description of RCB Markers 
8.4.5.1 Security and Protection Configuration Block (SPCB) 


The read security feature prevents the unauthorized read-out of Flash/ROM contents and targets all cases other than read 
access by application in Internal Vector mode. 


For details, see section Usage of the ROM/Flash Security on page 714. 


The write protection feature prevents the unintended writing of Flash memory by application in Internal Vector mode and 
External vector mode. The write protection feature is only supported for Flash A and Flash B. 


For details, see section Protecting sectors from being erased/written to on page 695. 


Note that read security setting also affects the boot sequence, if built-in monitor debugger kernel is activated. 
8.4.5.2 Boot Sequence Configuration Block (BSCB) 


Enabling fixed Boot Vector 


In Internal Vector mode, the Boot Vector (user program start address) can be set to the fixed value DF:0080,, instead of read- 
ing value from FF:FFDCy. This fixed Boot Vector starts program execution in a small Flash sector and allows implementation 
of a boot loader. 
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Figure 8-4. Configuration of the Fixed Boot Vector Activation Marker 


Resets and Startup 


Address: 
DFO0030,, : FBVAMO (lower word) 
DF0032,, : FBVAM1 (upper word) 


When the content of {FBVAM1, FBVAMO} = 292D3A7BH, then the fixed Boot Vector is used. 
For any other value of {FBVAM1, FBVAMO}, the Boot Vector is read from the Boot Vector location. 


Disabling temporary UART scan 


After main reset in Internal Vector mode, dedicated UART channels are scanned for a serial communication request as in 
Serial Communication mode without changing the mode pin setting. This scanning can be disabled to shorten the start-up 


time. 


Figure 8-5. Configuration of the UART Scan Deactivation Marker 


Address: 
DF0034,, : USDMO (lower word) 
DF0036,, : USDM1 (upper word) 


When the content of {USDM1, USDMO} = 292D3A7BH, then no temporary UART scanning is performed. 


For any other value of {USDM1, USDM0}, the Boot ROM will scan dedicated UART channels for limited time after main reset. 
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8.4.5.3 BDM Configuration Block (BDCB) 


In Internal Vector mode and External Vector mode, a built-in monitor debugger kernel can be activated background debug 
mode — BDM). However, an external tool is required to operate the MCU in background debug mode (BDM) and Foreground 
Debug Mode (FDM). Furthermore, the debugger operation has to be refined by more settings in the BDM configuration block. 
Do not use this feature without appropriate tool support. 


Enabling built-in monitor debugger kernel 
In Internal Vector mode and External Vector mode, a built-in monitor debugger kernel can be activated. 


Figure 8-6. Configuration of the BDM Activation Marker 


Address: 
DF0040,, : BDMAMO (lower word) 
DF0042,, : BDMAM1 (upper word) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


When the content of {BDMAM1, BDMAMO} = 292D3A7BH, the BDM is activated. 
For any other value of {BDMAM1, BDMAMO}, the BDM is not activated. 
Note that BDM is not activated, if ROM/Flash security is set. 
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8.4.6 Flowchart Internal Vector Mode 


Figure 8-7. Boot ROM sequence in Internal Vector Mode 
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Flowchart in External Vector Mode 


Figure 8-8. Boot ROM sequence in External Vector Modes 
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8.5 Reset Control Registers 
This section lists the Reset Control Registers and describes the function of each register in detail. 


Reset Control Registers 


The Reset Controller has two registers, the Reset Configuration Register (RCR) and the Reset Cause and Clock status Reg- 
ister (RCCSR/RCCSRC). Figure 8-9 shows an overview of the Reset Control register. 


Figure 8-9. Reset Control Registers 


Address: Initial value 
00040C,, ee XX000110g  RCR: Reset Configuration Register 


Initial value 


14 11 
Address: XXXXXXXXBp_ Reset Cause and Clock Status Register 


00040By,, (RCCSRC) 
00040D, (RCCSR) 


Address: 14 Initial value 


rh 
00042Dy, ESS Occ XXX00000g _ CILCR: Clock Input and LVD Control Register 


8.5.1 Reset Configuration Register (RCR) 


The Reset Configuration Register (RCR) is used to assert a Software reset, configure the low voltage reset and detector and 
to configure the Clock stop detection circuit. 


Configuration of the Reset Configuration Register (RCR) 


Figure 8-10 shows the configuration of the Reset Configuration Register (RCR) and Table 8-8 describes the function of each 
bit. 
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Figure 8-10. Configuration of the Reset Configuration Register (RCR) 


Address: 7 6 Initial value 


5 4 3 2 1 0 
cntoc | 3000110 


= - RW RW RWW RW R/W OW bitO 


L__ SRSTG Software Reset Generation bit 
No effect on operation 
1 Software reset is generated 
bit1 


LVRE Low Voltage Reset Enable bit 


0 Low Voltage reset function disabled 


Low Voltage reset function activated 
bit2 


LVDE Low Voltage Detector Enable bit 


zm Low Voltage Detector disabled 
Low Voltage Detector activated 


bit3 


CSDRE Clock Stop Detection Reset Enable bit 


Clock stop detection reset function disabled 


1 Clock stop detection reset function activated 


bit4 


MCSDI Main Clock Stop Detection Interval select bit 
Main clock stop detection interval is 6-8 RC clock cycles 
1 Main clock stop detection interval is 3-4 RC clock cycles 


bitS 


> | SCSDI Sub Clock Stop Detection Interval select bit 


Sub clock stop detection interval is 384-512 RC clock cycles 
1 Sub clock stop detection interval is 24-32 RC clock cycles 


bit6 - bit7 


0 Always write "0" to these bits 


x : undefined value 
R/W : Readable and writable 
WwW : Write only 


[FF : initial vatue 
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Resets and Startup 


Table 8-8. Function Description of Each Bit of the Reset Configuration Register (RCR) 


Bitmame metion 


bit 5 


bit 6 - bit 7 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


SRSTG: 


Software Reset Generation 
bit 


LVRE: 


Low Voltage Reset Enable 
bit 


LVDE: 


Low Voltage Detector 
Enable bit 


CSDRE: 


Clock Stop Detection Reset 
Enable bit 


MCSDI: 


Main Clock Stop Detection 
Interval select bit 


SCSDI: 


Sub Clock Stop Detection 
Interval select bit 


Reserved 


When "1" is written to this bit, an internal Software reset is generated. 
Writing "0" to this bit has no effect. 
The read value of this bit is always "0". 


This bit controls the Low voltage reset function which is one reset cause of the Power reset. 

Setting this bit to "1" enables the Low voltage reset function. 

Writing "0" to this bit disables the function. 

This bit is initialized to "1" (Low voltage reset active) by an External and a Power (power-on) reset only. 
Do not disable the low voltage detector (by writing "0" to the LVDE bit) as long as this bit is set to "1". 

Do not set this bit from "0" to "1" before the low voltage detector is enabled and stabilized. 

In devices in which the low voltage reset circuit is always enabled in the Internal vector mode, the setting of this 
bit has no effect for Mode pins set to "011" (Persistent Low Voltage Reset feature). 

This bit controls the low voltage detector which is used for the Low voltage reset function. 

Setting this bit to "1" enables the low voltage detector. 

Writing "0" to this bit disables the low voltage detector. 

This bit is initialized to "1" (low voltage detector active) by an External and a Power (power-on) reset only. 
Do not set this bit to "0" as long as LVRE is set to "1". 


The low voltage detector is enabled by setting this bit to "1". However this circuit needs a stabilization time after 
activation as specified in the datasheet. Do not activate the Low voltage reset function before this time has 
elapsed. 


In devices in which the low voltage reset circuit is always enabled in the Internal vector mode, the setting of this 
bit has no effect for Mode pins set to "011" (Persistent Low Voltage Reset feature). 

This bit enables the Clock stop detection reset function. 

This bit can only be written when the System clock 1 is set to RC clock. 

Setting this bit to "1" enables the Clock stop detection reset. 

Writing "0" to this bit disables the Clock stop detection reset. 

This bit is initialized to "0" (Clock stop detection reset disabled) by any reset. 

After activation, a Clock stop detection reset is asserted in the following three cases: 


1. When a missing Main clock is detected while the Main or PLL clock is selected for the System clocks CLKS1 or 
CLKS2 or the Watchdog timer. 


2.When a missing Sub clock is detected while the Sub clock is selected for the System clocks CLKS1 or CLKS2 
or the Watchdog timer. 


3.When "0" is written to the CKSR: RCE bit to disable the RC oscillator. 

This bit controls the measurement interval of the Main clock stop detection circuit. 
This bit is initialized to "0" by any reset. 

Writing "0" to this bit sets the interval time to 6 - 8 RC clock cycles. 

Writing "1" to this bit sets the interval time to 3 - 4 RC clock cycles. 

The Main clock stop detection circuit sets the Main clock missing flag (RCCSR: MCMF) if no rising edge of the 
Main clock input signal (CLKMC) was observed within the selected interval time. 
This bit controls the measurement interval of the Sub clock stop detection circuit. 
This bit is initialized to "0" by any reset. 

Writing "0" to this bit sets the interval time to 384 - 512 RC clock cycles. 

Writing "1" to this bit sets the interval time to 24 - 32 RC clock cycles. 


The Sub clock stop detection circuit sets the Sub clock missing flag (RCCSR: SCMF) if no rising edge of the Sub 
clock input signal (CLKSC) was observed within the selected interval time. 


Always write "0" to these bits. 
The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 
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8.5.2 Reset Cause and Clock Status Register (RCCSR/RCCSRC) 
The RCCSR/RCCSRPC register shows the reset cause and the status of the Main and Sub clock 


8.5.2.1 Configuration of the Reset Cause and Clock Status Register (RCCSR/RCCSRC) 


The Reset Cause and Clock Status Register (RCCSR/RCCSRC) can be accessed at two addresses. A read access to 
address 00040By, (RCCSRC) clears all bits of the register after reading while a read access to address 00040D,, (RCCSR) 
doesn’t change the status of the register. Writing to the RCCSR/RCCSRC register is ignored. Figure 8-11 shows the configu- 
ration of the RCCSR/RCCSRC register and Table 8-9 describes the function of the bits. 
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Figure 8-11. Configuration of the Reset Cause and Clock Status Register (RCCSR/RCCSRC) 


15 14 13 12 11 10 9 8 Initial value 
00040By (RCCSRC) R/C RIC RIC R/C R/C RIC RIC RIC 


O0040D,(RCCSR) RF R R RR RRR 


PRST Power Reset cause bit 


0 No Power reset was generated 
1 


Power reset was generated 
bit9 


ERST External Reset cause bit 


0 No External reset was generated 
1 


External reset was generated 


bit10 


MCRST Main Clock stop detection Reset cause bit 


0 No Main Clock stop detection reset was generated 
1 


Main Clock stop detection reset was generated 


bit11 


SCRST Sub Clock stop detection Reset cause bit 


0 No Sub Clock stop detection reset was generated 
1 


Sub Clock stop detection reset was generated 


bit12 


SRST Software Reset cause bit 
0 No Software reset was generated 
1 Software reset was generated 


bit13 


WRST Watchdog timer Reset cause bit 


0 No Watchdog timer reset was generated 
1 


Watchdog timer reset was generated 


bit14 


MCMF Main Clock Missing Flag 


0 No missing Main clock was detected 
1 


Missing Main clock was detected 


bit15 

SCMF Sub Clock Missing Flag 
xX : undefined value 0 No missing Sub clock was detected 
R/C : Read and Clear 1 Missing Sub clock was detected 
R : Read only 
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Bit name 


PRST: 
Power Reset cause bit 


ERST: 
External Reset cause bit 


MCRST: 


Main Clock stop detec- 
tion Reset cause bit 


SCRST: 


Sub Clock stop detec- 
tion Reset cause bit 


SRST: 


Software Reset cause 
bit 


WRST: 


Watchdog timer Reset 
cause bit 


MCMF: 
Main Clock Missing Flag 


SCMF: 
Sub Clock Missing Flag 
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Table 8-9. Function Description of the Bits of the Reset Cause and Clock Status Register (RCCSR) 


This bit indicates if a Power reset was generated. 

After Power-on, this bit is set to "1". 

This bit can only be cleared by a read access to RCCSRC at address 00040By. 

This bit is set to "1" if a Power reset was generated. Possible reset causes are: 

1. Power-on event: The power was turned on according to the profile described in the datasheet. 


2. Low voltage event: The low voltage reset function was enabled and the power supply was below a value described 
in the datasheet. 


This bit indicates if an External reset was generated. 

This bit is set to "1" if an External reset was generated by asserting RSTX to "0". 
After a Power reset, this bit is also set to '1’. 

This bit can only be cleared by a read access to RCCSRC at address 00040By. 


This bit indicates if a Main Clock stop detection reset was generated. 

After a Power reset, this bit is not initialized. 

This bit can only be cleared by a read access to RCCSRC at address 00040B,,. 

This bit is set to "1" if a Main Clock stop detection reset was generated. Possible reset causes are: 


1. Amissing Main clock was detected while the Main or the PLL clock was selected for the System clock CLKS1 or 
CLKS2 or the Watchdog timer. 


2. "0" was written to the enable bit of the RC clock (CKSR: RCE) although the Clock stop detection reset was 
enabled. 

This bit indicates if a Sub Clock stop detection reset was generated. 

After a Power reset, this bit is not initialized. 

This bit can only be cleared by a read access to RCCSRC at address 00040By. 

This bit is set to "1" if a Sub Clock stop detection reset was generated. Possible reset causes are: 


1. A missing Sub clock was detected while the Sub clock was selected for the System clock CLKS1 or CLKS2 or the 
Watchdog timer. 


2. "0" was written to the enable bit of the RC clock (CKSR: RCE) although the Clock stop detection reset was 
enabled. 

This bit indicates if a Software reset was generated. 

After a Power reset, this bit is not initialized. 

This bit can only be cleared by a read access to RCCSRC at address 00040By. 

This bit is set to "1" if a Software reset was generated by writing "1" to the RCR: SRSTG bit. 


This bit indicates if a Watchdog timer reset was generated. 

After a Power reset, this bit is not initialized. 

This bit can only be cleared by a read access to RCCSRC at address 00040By. 

This bit is set to "1" if a Watchdog timer reset was generated. Possible reset causes are: 
1. The Watchdog timer was activated but not cleared within the selected interval. 

2. An illegal value was written to the Watchdog Timer Clear Pattern register. 


3. "0" was written to the enable bit of the clock which is used as source clock of the Watchdog timer (CKSR: RCE, 
MCE or SCE) to disable this clock. 


4. RC clock frequency was changed although Watchdog Timer Clock Selection bits were set to "01" (changing RC 
clock frequency not allowed). 


5. Transition to Stop mode was requested although the WDTC:RSTP bit was set to ’1’. 


This bit indicates if a missing Main clock was detected. 
After a Power reset, this bit is not initialized. 


This bit is set to "1" if the Main oscillator is enabled and no rising edge of the Main clock input signal (CLKMC) was 
observed within the interval time defined by the RCR: MCSDI bit. 


This bit is cleared by a read access to RCCSRC at address 00040By. 


This bit indicates if a missing Sub clock was detected. 
After a Power reset, this bit is not initialized. 


This bit is set to "1" if the Sub oscillator is enabled and no rising edge of the Sub clock input signal (CLKSC) was 
observed within the interval time defined by the RCR: SCSDI bit. 


This bit is cleared by a read access to RCCSRC at address 00040By,. 
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8.5.2.2 Notes about reset cause bits 


Multiple reset causes before reading reset cause register 


When multiple reset causes are generated before the reset cause register is read out, the corresponding reset cause bits of 
the RCCSR/RCCSRC register are all set to '"1". If, for example, an External reset request via the RSTX pin and the Watchdog 
timer reset occur at the same time, the ERST and the WRST bits are both set to "1". The following table show this correspon- 
dence. 


Table 8-10. Correspondence between reset cause bits and reset causes 


Emalrestrequesivansrxnin [| _+ ||| |_| 
Cer a 


Sub clock stop detection reset ee ee Se Se 
Software reset request fp 
Watchdog timer overflow |_| 


*: Previous state maintained 


X: Undefined 


Power reset 


For PRST =’1’, the software should be programmed so that it will ignore all other reset cause bits. 


Clearing the reset cause bits 


The reset cause bits are cleared only when reading the Reset Cause and Clock Status Register RCCSRC at address 
00040B,,. Any bit corresponding to a reset cause that has already been generated is not cleared when another reset is gen- 


erated (a setting of "1" is retained). 


After a Power reset, the register should be cleared by reading in order to initialize all bits. 


Note: 

If the power is turned on under conditions where power-on reset may not occur (power-on profile as specified in the datasheet 
not met), the value in RCCSR register is not guaranteed. 

8.5.2.3 Notes about clock missing flags 

For details about the clock missing flags MCMF and SCMF refer to section 8.6 Operation of the Clock stop detection function 
and reset. 


8.5.3 Clock Input and LVD Control Register (CILCR) 


The Clock Input and LVD Control Register (CILCR) is used to control additional functions of the oscillator circuit and the Low 
Voltage Detection Level. 


Configuration of the Clock Input and LVD Control Register (CILCR) 


Figure 8-12 shows the configuration of the Clock Input and LVD Control Registers (CILCR) and Table 8-11 describes the 
function of each bit. 


The register can be accessed 16-bit wide (VRCR) and 8-bit wide (low byte: VRCR, high byte CILCR). 
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Figure 8-12. Configuration of the Clock Input and LVD Control Register (CILCR) 


14 9 8 
Address: 
se BESO 
- RW RW RW RW RW 
i. + | 
x : undefined value 
R/W : Readable and writable 
: Initial value 


Initial value 
XXX000008 


bit11 bit10 bit9 bit8 


LVL3 | LVL2 | LVL1 LVLO | Low voltage detector level 


plevelO™ 0* 


a 
teva 


Level 2 * 


ee 


re 
et $———£] 
0 


Level 9 * 


Levee 
a 
I 


teeta 
oe 
a 


bit12 


Fast Clock Input Select 
Oscillation mode 
Fast external clock input mode 


bit15-13 


TT Reserve 
Always write "110" to these bits. 


* Note: For the allowed settings and the analog detection level, please refer to 
the datasheet. 
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Table 8-11. Function Description of Each Bit of the Clock Input and LVD Control Register (CILCR) 


Bitmame metion 


+ These bits control the analog threshold level for the Low Voltage Detector (LVD): 


a 
a 
a 

Peete 


Level 4 * 


7 ee ee Ee 
pe St ee 
Eur tp LVES: 


bit 8 - bit 11 | Low Voltage Detector Level 
Select bits 


Pteetia= 
a 
a 
a 


* These bits are initialized to "0000" by each reset. 


+ The Low Voltage Detector circuit will issue a reset request when this function is enabled and the external supply 
voltage drops below the selected threshold value. 


* Note: For the allowed settings and the analog threshold level, please refer to the datasheet. 


+ This bit is initialized to "0" by each reset. 
* This bit selects the oscillation or Fast Clock Input mode of the Main Oscillator. 


Fast Clock Input Control 
Oscillation mode 
Fast External Clock Input mode 


This bit must be set to "0" when connecting an oscillator (crystal/resonator) to the Main Oscillator Pin XO and 
X1. It is also possible to connect an external clock with low frequency to the oscillator XO Pin in this mode. 


For inputting an external clock with higher frequency, this bit must be set to "1" before the device is switched 
to external (main) clock. For more details about clocks refer to Clocks on page 119 
The frequency ranges for both settings are described in the datasheet. 
This feature is not available on all devices. See datasheet for more details. 
Always write "110" to these bits. 


Reserved The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 


bit 13 - bit 
15 
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8.6 


This section describes the operation of the clock stop detection circuit that detects a failure of the external Main or Sub oscil- 
lator. 


Operation of the Clock stop detection function and reset 


8.6.1 


The clock stop detection circuit observes the oscillation of the Main and Sub clock. If no rising edge of the observed clock was 
detected within a selected interval although the clock was enabled, then the corresponding clock missing flag is set. This 
function is always active when the RC oscillator is enabled. 


Function of the clock stop detection circuit 


An additional Clock stop reset can be asserted if the failed clock was currently used for the System clocks CLKS1 or CLKS2 
or the Watchdog timer to avoid a hang-up of the MCU. After such a reset the MCU always changes to RC clock mode where 
the CPU can check the reset cause and put the MCU into a safe state. 


8.6.2 


The clock stop detection circuit has 3 configuration bits, one for activating the clock stop reset function and two for selecting 
the detection interval. 


Configuration of the clock stop detection circuit 


Clock Stop Detection Reset Enable bit (RCR: CSDRE) 


The initial value of the CSDRE bit after any reset is "0" (Clock stop detection reset disabled). Setting this bit to "1" activates 
the clock stop detection reset function and writing "0" disables the function. However writing to the CSDRE bit is possible only 
when the System clock 1 (CLKS1) is set to RC clock. 


Clock Stop Detection Interval select bits (RCR: MCSDI and SCSDI) 


A missing clock is detected when no rising edge of the observed clock was detected within a certain interval time. This inter- 
val is a certain number of RC clock cycles and therefore depends on the selected RC clock frequency. Two bits allow a selec- 
tion of this interval to adjust the observation time to the selected RC clock frequency and the observed external clock 
frequency. 


Table 8-12. Clock stop detection interval 


Clock Stop Detection Interval 


Time for RC clock 
frequency of 2MHz (min - 
max) / (minimum external 

frequency) 


oe 1.5us - 8us / (~700kHz) 
= 
a 


Observed clock RC clock 


cycles 


0 (initial value) 


Main clock MCSDI 


0 (initial value) 


Sub clock SCSDI 


Time for RC clock frequency 
of 100kHz (min - max) / 
(minimum external 
frequency) 


30us - 160s / 
(~35kHz) 


15s - 80s / 
(~70kHz) 


1.92ms - 10.2ms / 
(~0.55kHz) 


12s - 640us / 
(~8.5kHz) 


The minimum time specifies after which time between two rising edges of the observed clock a stop detection may occur. The 
maximum time specifies after which time a clock stop will be detected. Use a setting with a minimum time that is longer than 
the cycle time of the observed clock (the observed clock frequency must be higher than the minimum external frequency 
given in Table 8-12). 


Changing the RC clock frequency during operation of the clock stop detect function is allowed but changes the detection 
interval. 
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8.6.3 Clock missing flags MCMF and SCMF 


The Main Clock Missing Flag MCMF indicates a missing Main clock and the Sub Clock Missing Flag SCMF indicates a miss- 
ing Sub clock. 
Status after power-on 


The clock missing flags MCMF and SCMF are undefined after startup. 


Clearing the clock missing flags 
The MCMF and SCMF bits can be cleared by a read access to the RCCSRC register at address 00040By. 


Setting the clock missing flags 


The Main clock stop detection circuit is enabled when the RC clock is running and the Main oscillator is active (active means 
the Main Clock Enable bit CKSR: MCE is "1" or the Main Clock Monitor bit CKMR: MCM is "1"). The Main Clock Missing Flag 
is set to "1" when no rising edge of the Main clock input signal was detected within the selected interval. 


The Sub clock stop detection circuit is enabled when the RC clock is running and the Sub oscillator is active (active means 
the Sub Clock Enable bit CKSR: SCE is "1" or the Sub Clock Monitor bit CKMR: SCM is "1"). The Sub Clock Missing Flag is 
set to "1" when no rising edge of the Sub clock input signal was detected within the selected interval. 


8.6.4 Clock stop detection reset 


The Clock stop detection reset function generates a reset if a clock failure is detected while this clock is used as source for 
the System clocks (CLKS1 or CLKS2) or the Watchdog timer. 


Activation of the Clock stop detection reset 
The Clock stop detection reset is enabled by setting the RCR: CSDRE bit to "1". 


Generating a Clock stop detection reset 


A Clock stop detection reset is generated in the following cases. The Clock Stop Detection Reset Enable bit CSDRE must 

always be set to "1" (reset enabled). 

m When amissing Main clock is detected while the Main clock is stabilized (CKMR:MCM = ’1’) and the Main or PLL clock is 
used for the System clocks CLKS1 or CLKS2 or the Watchdog timer. The MCRST (Main clock stop detection Reset 
cause) bit is set and a reset is generated. 

m When amissing Sub clock is detected while the Sub clock is stabilized (CKMR:SCM = ’1’) and used for the System clocks 
CLKS1 or CLKS2 or the Watchdog timer. The SCRST (Sub clock stop detection Reset cause) bit is set and a reset is gen- 
erated. 

m When a"0" is written to the CKSR: RCE bit (disable RC clock). Both clock stop detection reset cause bits are set and a 
reset is generated. Do not disable the RC clock as long as the Clock stop detection reset is enabled. 


Note: 


A clock stop detection reset is generated only when the failing clock is used for the System clock 1 or 2 or for the Watchdog 
timer. In case a failing clock is only used by a resource (for example Main clock timer or Sub clock timer) while the System 
clocks are set to another clock, no reset is generated. Use the Watchdog timer for recovery in case this can lead to hang-up 
of the system. 

Effect of a Clock stop detection reset 


A Clock stop detection reset asserts the global reset signal, sets the corresponding Clock stop detection reset cause bit and 
puts the MCU into reset state. 


The source clock timer and clock ready monitor bit of the failed clock is also cleared by the Clock stop detection reset. 


After reset release the MCU restarts in RC clock mode and the reset cause bits can be read. It is recommended to disable the 
clock that caused the reset by setting the MCE or SCE bit to "0". 
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The contents of internal RAM memory and all registers which are not reset (initial value "X’) cannot be guaranteed after a 
Clock stop detection reset. 


8.6.5 Clock stop detection reset and Standby modes 


Sleep and Timer mode 


The clock stop detection reset function is active in Sleep and Timer mode. This means a Main Clock stop reset can be 
asserted in Run, Sleep and Timer mode if System clock CLKS1 or CLKS2 is set to Main or PLL clock mode (as indicated by 
the CKMR register). A Sub Clock stop reset can be asserted in Run, Sleep and Timer mode if System clock CLKS1 or CLKS2 
is set to Sub clock mode. 


Stop mode 
All oscillators including the RC oscillator are disabled in Stop mode, hence no clock stop detection is possible. 


If an interrupt is asserted in Stop mode, then the MCU changes to Run mode with the clocks specified in the CKSR register. 
The transition to Run mode is delayed until the clock selected with the CKSR: SC1S[1:0] bits is stabilized. The operation of 
the System Clock 2 is delayed until the clock selected with the CKSR: SC2S[1:0] bits is stabilized. 


Note: 


The Clock stop detection reset function is disabled during these stabilization times to avoid an accidental assertion of the 
reset during clock stabilization. This means there will be no Clock stop detection reset if the clock failed during Stop mode or 
within the stabilization time of the oscillator. 


Always set BOTH system clocks to RC clock (CKSR: SC1S[1:0] and SC2S/1:0] = "00") when changing to Stop mode to avoid 
this situation. Changing CLKS1 or CLKS2 to Main, PLL or Sub clock after start in RC clock mode will not be executed if the 
corresponding clock did not restart and hence could not set its clock ready monitor bit. The software should detect this situa- 
tion by a time-out condition using the RC clock timer. 


8.6.6 Clock stop detection reset and Watchdog timer 


A Clock stop detection reset is also asserted when the Main or Sub clock fails while used as source for the Watchdog timer. 
During clock stabilization (after Stop mode release) however this reset function is disabled. 


8.7 Operation of the low voltage reset function 


This section describes the operation of the low voltage reset function. 


8.7.1 Function of the low voltage reset 


The low voltage reset function is using the low voltage detector that compares the power supply voltage Vcc with an internally 
generated reference voltage. This reference voltage is programmable with the CILCR:LVL[3:0] bits. 


If the reset function and the low voltage detector are enabled by the Low Voltage Reset Enable (LVRE) and the Low Voltage 
Detector Enable (LVDE) bits and Vcc is below the selected detection level Vp, , then the Power reset extension counter is ini- 


tialized and the PRST flag is set. See the datasheet for the specification of the selectable detection levels Vp, . 


After recovery of the power supply voltage, the Power reset extension counter is released and the startup performed as 
described in section 8.3 Startup after Power and External reset. 


8.7.2 Configuration of the low voltage detection and reset circuit 


Low voltage reset 


The low voltage reset is controlled by the Low Voltage Reset Enable (LVRE) bit. Setting this bit to "0" disables the low voltage 
reset function and setting the bit to "1" enables the function. After Power-on or when asserting RSTX, this bit is always set to 
"{" (reset function enabled). 


184 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“a” «= EMBEDDED IN TOMORROW Resets and Startup 


The LVRE bit must be set to "0" when the low voltage detector should be disabled. When the low voltage detector is switched 
on, the low voltage detector stabilization time must be applied before setting LVRE to "1". Otherwise a low voltage reset could 
be asserted wrongly because the low voltage detector outputs a wrong value. See the datasheet for the specification of the 
low voltage detector stabilization time. 


In devices in which the low voltage reset circuit is always enabled in the internal vector mode, the setting of the LVRE bit has 
no effect for Mode pins set to "011". 


Low voltage detector 


The low voltage detector is controlled by the Low Voltage Detector Enable (LVDE) bit and the CILCR:LVL level select bits. 
Setting the LVDE bit to "0" disables the low voltage detector and setting the bit to "1" enables the detector. After Power-on or 
when asserting RSTX, this bit is always set to "1" (low voltage detector enabled). The CILCR:LVL level select bits are reset to 
"0000" (Level 0) by any reset. 


When LVDE is set to "0", the LVRE bit must also be set to "0" at the same time or before. When the low voltage detector is 
switched on, the low voltage detector stabilization time must be applied before setting LVRE to "1". 


In devices in which the low voltage reset circuit is always enabled in the internal vector mode, the setting of the LVDE bit has 
no effect for Mode pins set to "011" (low voltage detector is always active). 
The detection level is always set to "Level 0" after reset. With this level, a reset can be generated when V¢¢ falls below the 


minimum value required for safe operation of the MCU. This level can be increased after startup by setting the CILCR:LVL 
bits. This allows the generation of a Low Voltage reset already at higher Vcc levels in case this is required by the system. 


Effect on current consumption 


The low voltage detector draws a current when it is activated (see datasheet for details). This current flows independent of the 
selected operation mode. If this is not acceptable when using standby modes, disable the low voltage detector and reset 
before changing to standby mode. Please be aware that the low voltage reset function will not be available in this case. 


In devices in which the low voltage reset circuit is always enabled in the internal vector mode, it is not possible to disable the 
low voltage detector and reset when Mode pins are set to "011". 


Restrictions when using the low voltage reset function 

a After enabling the low voltage detector, the output value is undefined during the low voltage detector stabilization time. 
Hence the low voltage reset must not be used within this time. 

m The low voltage reset function has restrictions regarding the AC specification as described in the datasheet. 


m For devices or operation modes that allow disabling the low voltage reset function with the LVRE and LVDE bits, it is not 
possible to use the low voltage reset function to guarantee a safe startup after power-on. Either a Power-on reset or Exter- 
nal reset as specified in the datasheet must be applied for starting the MCU in this case. 
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This chapter explains the functions and operations of the standby mode control circuit and the control of the internal voltage 
regulator. 

The regulator control can be used to optimize power consumption, especially in standby modes. 

9.1 Overview of the CPU Operating Modes 


9.2 Standby Mode Control Register (SMCR) 
9.3 Voltage Regulator Control Register (VRCR) 
9.4 Standby Modes 

9.5 Mode Change Table and operation status 
9.6 Usage Notes on Standby Mode 

9.7 Voltage Regulator Operation 


9.1 Overview of the CPU Operating Modes 


The F°MC-16FX MCU has the following CPU operating modes: 
m Run mode 

m Sleep mode 

m Timer mode 

m Stop mode 


Sleep mode, Timer mode and Stop mode are called Standby modes. In Stop mode, all clocks are disabled. In the other CPU 
operating modes, the Clock source and active oscillators/PLL are selectable. 


9.1.1 CPU operating modes and current consumption 
Figure 9-1 shows the relationship between the CPU operating modes and current consumption. 


The power consumption of the operating modes can be influenced by the settings of the internal voltage regulator. 
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Figure 9-1. CPU operating mode and current consumption 


Current consumption 


Several tens of mA 
PLLRunmode | —<—i—ssSSSSS 
PLL Sleep mode 


: ; 
: [Main Sleep mode ; 
i PLL Timer mode ! 


RC Sleep mode 
Several mA [Main Timer mode] Timer mode} 
Sub Run mode — : 
Sub Sleep mode [RC Timer mode ] mode 
Several pA 


Sub Timer mode 


Standby modes 


Note: 

This figure is only an indication of the degree of power consumption for each mode. Actual current 
consumption values may not agree with those in figure and depend on the clock configuration in each mode 
(activation of oscillators and PLL, selected frequencies...) 


9.1.2 Transitions between different operating modes 


The mode change diagram in Figure 9-2 shows possible transitions between the different operating modes. 
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Figure 9-2. Mode change diagram 


reset release & 
RC clock ready 


SC1S=00 & SC1S=01 & SC1S=10 & SC1S=11 & 
RC clock ready SC1M!=00 Wain clock ready SC1MI=01 BLL clock ready SC1IMI=10 sub clock ready SC1MI=11 


RC Run Main Run PLL Run Sub Run 
SMS=01]_ |Interrupt SMS=01] | Interrupt SMS=01] | Interrupt SMS=01]_ | Interrupt 
RC Sleep Main Sleep PLL Sleep Sub Sleep 
SMS=10 Interrupt SMS=10 Interrupt SMS=10 Interrupt SMS=10 Interrupt 


SMS=11 SMS=11 SMS=11 
SMS=11 


Stop _—_ 
| Interrupt 


9.1.3 Run Mode 


The Run mode is always defined by the clock selected as source for the System clock 1 (CLKS1). The System clock 2 
(CLKS2) which is selected by the System clock 2 selector is independent of this Run mode. 


Hence modules connected to the Peripheral clock 2 (CLKP2) can operate with a different clock source because the Periph- 
eral clock 2 is derived from the System clock 2. 


RC Run mode 


In this mode, the internal RC oscillation clock CLKRC is used for the System clock 1, operating the CPU and most peripheral 
functions. Two frequency settings are possible for the RC oscillator (nominal 2MHz or 100kHz). Independent clock dividers 
for the Bus clock operating the CPU (CLKB) and the Peripheral clock 1 operating most peripheral functions (CLKP1) are fed 
by the RC clock and allow flexible frequency settings. 


The status of the main oscillator, the PLL multiplier circuit and the sub oscillator depend on the setting of the MCE, PCE and 
SCE bits when they are not used as System clock 2. 


This mode is always active after reset release. 


Main Run mode 


In this mode, the Main oscillation clock CLKMC is used for the System clock 1, operating the CPU and most peripheral func- 
tions. Independent clock dividers for the Bus clock operating the CPU (CLKB) and the Peripheral clock 1 operating most 
peripheral functions (CLKP1) are fed by the Main clock and allow flexible frequency settings. 
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The status of the PLL multiplier circuit, the RC and sub oscillator depend on the setting of the PCE, RCE and SCE bits when 
they are not used as System clock 2. 


PLL Run mode 


In this mode, the PLL clock that is a multiple of the Main oscillation clock is used for the System clock 1, operating the CPU 
and most peripheral functions. Independent clock dividers for the Bus clock operating the CPU (CLKB) and the Peripheral 
clock 1 operating most peripheral functions (CLKP1) are fed by the PLL output clock and allow flexible frequency settings. 
Either the unmodulated (CLKPLL) or modulated (CLKMOD) PLL clock can be used. 


The status of the RC and sub oscillator depend on the setting of the RCE and SCE bits when they are not used as System 
clock 2. 


Sub Run mode 


In this mode, the Sub oscillation clock CLKSC is used for the System clock 1, operating the CPU and most peripheral func- 
tions. Independent clock dividers for the Bus clock operating the CPU (CLKB) and the Peripheral clock 1 operating most 
peripheral functions (CLKP1) are fed by the Sub clock and allow flexible frequency settings. 


The status of the main oscillator, the PLL multiplier circuit and the RC oscillator depend on the setting of the MCE, PCE and 
RCE bits when they are not used as System clock 2. 


Reference: For more details, see Clocks on page 119 and Clock Modulator on page 147. 


9.1.4 Sleep Mode 


In this mode, the standby control circuit stops the Bus clock (CLKB) what disables the CPU, internal memories, the DMA con- 
troller and the external bus interface, thereby reducing power consumption. 


RC Sleep mode 


The RC Sleep mode is activated to stop the CLKB clock in the RC clock mode. Resources connected to the Peripheral clock 
1 operate on the RC clock. 


Resources connected to the Peripheral clock 2 are operating with the clock selected by the System clock 2 selector. 


The status of the main oscillator, the PLL multiplier circuit and the sub oscillator depend on the setting of the MCE, PCE and 
SCE bits when they are not used as System clock 2. 


Main Sleep mode 


The Main Sleep mode is activated to stop the CLKB clock in the Main clock mode. Resources connected to the Peripheral 
clock 1 operate on the Main clock. 


Resources connected to the Peripheral clock 2 are operating with the clock selected by the System clock 2 selector. 


The status of the PLL multiplier circuit, the RC and Sub oscillator depend on the setting of the PCE, RCE and SCE bits when 
they are not used as System clock 2. 


PLL Sleep mode 


The PLL Sleep mode is activated to stop the CLKB clock in the PLL clock mode. Resources connected to the Peripheral clock 
1 operate on the PLL clock. 


Resources connected to the Peripheral clock 2 are operating with the clock selected by the System clock 2 selector. 


The status of the RC and Sub oscillator depend on the setting of the RCE and SCE bits when they are not used as System 
clock 2. 


Sub Sleep mode 


The Sub Sleep mode is activated to stop the CLKB clock in the Sub clock mode. Resources connected to the Peripheral clock 
1 operate on the Sub clock. 


Resources connected to the Peripheral clock 2 are operating with the clock selected by the System clock 2 selector. 
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The status of the Main oscillator, the PLL multiplier circuit and the RC oscillator depend on the setting of the MCE, PCE and 
RCE bits when they are not used as System clock 2. 


9.1.5 Timer Mode 


In this mode, the standby control circuit stops supplying the System clocks CLKS1 and CLKS2 what further reduces power 
consumption by stopping the Bus clock and also all Peripheral clocks. This stops all functions, excluding oscillators, the PLL 
and the corresponding source clock timers. 


RC Timer mode 


In RC Timer mode, the RC oscillator and RC clock timer is always active. The status of the PLL, the Main and Sub oscillator 
and corresponding source clock timers however depend on the setting of the PCE, MCE and SCE bits. 


Main Timer mode 


In Main Timer mode, the Main oscillator and Main clock timer is always active. The status of the PLL, the RC and Sub oscilla- 
tor and corresponding source clock timers however depend on the setting of the PCE, RCE and SCE bits. 


PLL Timer mode 


In PLL Timer mode, the Main oscillator, the PLL and the Main clock timer is always active. The status of the RC and Sub 
oscillator and corresponding source clock timers however depend on the setting of the RCE and SCE bits. 


Sub Timer mode 


In Sub Timer mode, the Sub oscillator and Sub clock timer is always active. The status of the PLL, the Main and RC oscillator 
and corresponding source clock timers however depend on the setting of the PCE, MCE and RCE bits. 


Note: 


The different Timer modes may have the same behavior if more than one of the PCE, MCE, SCE and RCE bits is set to "1". 
However, the run mode that the device transits to, upon wakeup from timer mode by interrupt, depends on which of the four 
timer modes the device was in. Refer to Table 9-4. 


9.1.6 Stop Mode 
In this mode, the standby control circuit causes all oscillations to stop. All functions are inactivated. 


Note: 


Because the Stop mode turns all oscillation clocks off, data can be retained by the lowest power consumption. 
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9.2 Standby Mode Control Register (SMCR) 


This register switches to standby mode, controls the pin functions in Timer and Stop mode and sets the voltage regulator to 
Low Power mode. 


Standby mode control register (SMCR) 
Figure 9-3 shows the configuration of the standby mode control register (SMCR). 


Figure 9-3. Configuration of the standby mode control register (SMCR) 


Address: 7 6 5 4 3. 2 1 0 Initial value 
cootoon [T Trasfenfine[eTanfas] — xxo00000, 
- - R/W R/W RW RW R/W R/W 
[ess s 
bit1 bitO 
Standby Mode Select bits 
Requests a transition to Sleep mode 
Requests a transition to Timer mode 
Requests a transition to Stop mode 
SPL Pin state setting bit for Timer and Stop mode 
Previous pin state retained 
1 High impedance 
bit3 
LPMS Low Power Mode Set 
Voltage regulator controlled automatically 
1 Regulator set to Low Power Mode 
bit4 
LPMSS Low Power Mode Set in Standby mode 
Voltage regulator controlled automatically 
1 Regulator set to Low Power Mode in Standby mode 
bit5 
LPMBSS| Low Power Mode B Set in Standby mode 
Voltage regulator controlled automatically 
1 Regulator set to Low Power Mode B in Standby mode 
bit6 - bit7 
0 Always write "0" to these bits 
R/W : Readable and writable 
Xx : undefined value 
- : undefined 
: Initial value 
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Standby Mode and Voltage Regulator Control Circuit 


Table 9-1. Function description of each bit of the standby mode control register (SMCR) 


pBitmame Fmtion 


These bits request switching to a Standby mode according to the following table: 


SPL: 
bit 2 Pin state setting bit (for Timer 
and Stop mode) 


; LPMS: 
bit 3 : 
Low Power Mode Set bit 
LPMSS: 
bit 4 Low Power Mode Set bit for 
Standby modes 


LPMBSS: 
bit 5 Low Power Mode B Set bit for 
Standby modes 
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bit O - bit | SMSO and SMS1: 
1 Standby Mode Select bits 


bit1 bitO 
Standby Mode Select bits 
Run mode 


Requests a transition to Sleep mode 


Requests a transition to Timer mode 


Requests a transition to Stop mode 


When "01" is written to these bits, a switch to Sleep mode is requested. 
When "10" is written to these bits, a switch to Timer mode is requested. 
When "11" is written to these bits, a switch to Stop mode is requested. 


After writing one of these three values, the bits are locked. It is not possible to select another Standby mode or Run 
mode. 


These bits are cleared to "00" by any pending hardware interrupt request (level smaller than 7), an NMI (if avail- 
able) and by any reset. 


The read value of these bits shows the status of the Standby mode transition request. Reading a value other than 
"00" means that the transition to the selected Standby mode is still pending while reading "00" means that there is 
no Standby mode transition request pending. 

The setting of this bit effects only the Timer mode and Stop mode. 

When this bit is set to "0", the level of the external pins is retained. 

When this bit is set to "1", the status of the external pins changes to high-impedance. 

This bit is initialized to "0" by a reset. 


This bit controls the voltage regulator in any mode. Refer to section 9.7 Voltage Regulator Operation for details. 
This bit is cleared by any reset. 


When this bit is set to "0" (initial value), then the voltage regulator is controlled automatically (regulator in High 
Power Mode when RC oscillator or Main oscillator is active). 


Setting this bit to "1" forces the voltage regulator immediately to the Low Power Mode A (unless Stop mode is 
entered where regulator is always set to Low Power Mode B). This means the regulator output voltage is defined 
by the VRCR:LPMA[2:0] bits. 


Setting this bit is permitted only in certain modes described in section 9.7 Voltage Regulator Operation. 

After changing this bit back to "0", a stabilization time of ~40us must be applied by the application program before 
changing to a mode with a higher current consumption. 

This bit controls the voltage regulator in Standby modes (Sleep and Timer mode with RC or Main clock). Refer to 
section 9.7 Voltage Regulator Operation for details. 

This bit is cleared by any reset. 


When this bit is set to "0" (initial value), then the voltage regulator is controlled automatically (regulator in High 
Power Mode when RC oscillator or Main oscillator is active). 


Setting this bit to "1" forces the voltage regulator to the Low Power Mode A after entering Sleep or Timer mode. 
This means the regulator output voltage is defined by the VRCR:LPMA|[2:0] bits. 


Setting this bit is permitted only in certain modes described in section 9.7 Voltage Regulator Operation. 

When this bit is set to "1", then a wakeup from Sleep or Timer mode will be automatically delayed by ~40us for 
switching the regulator back to High Power Mode. 

This bit controls the voltage regulator in Standby modes (Sleep and Timer mode). Refer to section 9.7 Voltage 
Regulator Operation for details. 

This bit is cleared by any reset. 


When this bit is set to "0" (initial value), then the Low Power Mode B is only used in Stop mode. In all other modes, 
the regulator is always in High Power mode or in Low Power mode A. 


Setting this bit to "1" forces the voltage regulator to the Low Power Mode B after entering Sleep or Timer mode (if 
Low Power mode was activated by hardware or LPMS/LPMSS bits). This means the regulator output voltage is 
defined by the VRCR:LPMB[2:0] bits. 


Setting this bit is permitted only in certain modes described in section 9.7 Voltage Regulator Operation. 


When this bit is set to "1", then a wakeup from Sleep or Timer mode will be automatically delayed by ~40us for 
switching the regulator back to High Power Mode or Low Power Mode A 


Note: 


Do not change this bit, because this function is currently under evaluation by Cypress. 
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Table 9-1. Function description of each bit of the standby mode control register (SMCR) 


pp Bitmame Fmt 


Always write "0" to these bits. 


bit 6 - bit 


7 Reserved + The read value of these bits is undefined. 


Read modify write operations to this register are not affected. 


Note: 


All input pins are automatically disabled in Timer and Stop mode, except activated external interrupt input pins, the NMI input 
pin and the HRQ hold request input pin of the external bus. The setting of the PIE port input enable bits have no effect in 
Timer and Stop mode. 


9.3 Voltage Regulator Control Register (VRCR) 
The voltage regulator control register defines the output voltage of the internal Voltage Regulator in different operation modes 


Voltage Regulator Control Register (VRCR) 


Figure 9-4 shows the configuration of the Voltage Regulator Control Register (VRCR) and Table 9-2 describes the function of 
each bit. 


Refer to section 9.7 Voltage Regulator Operation for more details. 
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Figure 9-4. Configuration of the Voltage Regulator Control Register (VRCR) 


R/W 


Address: 
00042C,, 


7 6 5 4 3 2 1 0 
HPM1 | HPMO|LPMA2|LPMA1LPMA0|LPMB2LPMB1)LPMBO 


R/W R/W R/W R/W R/W RIW R/W R/W 


Initial value 


10110110, 


bit2 


bit1 


7 poe 


bito 


Output voltage of regulator in 
Low Power Mode B 


1.5V 


1.6V 


bitS 


bit4 


1.7V 


1.8V 


1.9 V (not approved) 
bit3 


Output voltage of regulator in 
Low Power Mode A 


1.2 V (not approved 


1.3 V (not approved 


1.4 V (not approved 


1.5 V (not approved 
1.6 V (not approved 


bit7 


1.7 V (not approved 


1.8V 


1.9 V (not approved 


Output voltage of regulator in 
High Power Mode 


1.6 V (not approved) 


: Readable and writable 


: Initial value 


1.7 V (not approved) 


1.8V 
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Table 9-2. Function Description of Each Bit of the Voltage Regulator Control Register (VRCR) (Sheet 1 of 2) 


pS Bitmame metion 


* These bits select the output voltage of the regulator in Low Power Mode B according to the following table: 
bit2 bit1 bitO 


Output voltage of regulator in 


LPMBO Low Power Mode B 


1.2V 
1.3V 
14V 
LPMBO to LPMB2: 1.5V 
bit 0 - bit2 | Low Power Mode B select 1.6V 
bits 17V 
1.8V 
1.9 V (not approved) 


Any reset initializes these bits to "110" (1.8V). 


The Low Power Mode B of the regulator is used in Stop mode. It can also be selected with the SMCR:LPMBSS 
bit under certain conditions. 


Note: 
The usage of the 1.9V setting is not approved. 


+ These bits select the output voltage of the regulator in Low Power Mode A according to the following table: 
bitd bit4 bit3 


Output voltage of regulator in 
Low Power Mode A 


not approved 
not approved 
not approved 


LPMAO to LPMA2: not approved 


bit 3 - bit5 | Low Power Mode A select not approved 
bits not approved 


1 1 1 1.9 V (not approved) 


Any reset initializes these bits to "110" (1.8V). 


The Low Power Mode A of the regulator is used in Sub modes (Sub Run, Sub Sleep and Sub Timer mode) when 
the Main and RC oscillators are both disabled. It can also be selected with the SMCR:LPMS and LPMSS bits 
under certain conditions. 


Note: 
Do not change these bits, because permitted settings are currently under evaluation by Cypress. 
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Table 9-2. Function Description of Each Bit of the Voltage Regulator Control Register (VRCR) (Sheet 2 of 2) 


+ These bits select the output voltage of the regulator in High Power Mode according to the following table: 


bit7 bité 


Output voltage of regulator in 
HPM1 | HPMO High Power Mode 


1.6 V (not approved) 
1.7 V (not approved) 


HPMO to HPM1: 


bit 6 - bit? | High Power Mode select 
bits 


Any reset initializes these bits to "10" (1.8V). 


The High Power Mode of the regulator is the standard operation mode which is used when either the RC or the 
Main oscillator is enabled (unless the Low Power mode is selected with the SMCR:LPMS or LPMSS bits). 


These bits must be set to "11" (1.9V) together with the FMCS:RD19V bit of the Flash interface before changing to 
a clock frequency which is permitted only at 1.9V core voltage. 

Note: 
The usage of the 1.6V and 1.7V settings is not approved. 
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9.4 Standby Modes 


The standby modes include the Sleep (RC Sleep, Main Sleep, PLL Sleep, Sub Sleep), Timer (RC Timer, Main Timer, PLL 
Timer, Sub Timer) and Stop modes. 


Operation status during standby mode 


Table 9-3 shows the status of the clocks, CPU, Peripherals and external pins for the different standby modes. 


Table 9-3. Operation status during standby mode 


Condition PLL Peripheral | Peripheral Release 
RC 


depends on 


depends on PCE, MCE 


Sleep Active MCE and SCE and RC clock 
mode scam bits | 378 SC2M | scom bits 


Main SC1M-=01 depends on depends on | depends on 
Sleep RCE and Active PCE and SCE and Main clock 
mode | SMS=01 SC2M bits SC2M bits | SC2M bits depends on 
SC1M=10 depends on depends on SC2M bits 
RCE and | Active Active SCE and PLL clock 
= SC2M bits SC2M bits 
depends on 
MCE and | PCEANCE | active Sub clock Power, 
SC2M bits a External, 
bit 
its Watchdog or 


depends on Clock stop 


depends on 


depends on PCE, MCE depends on reset, Inter- 


MCE and SCE and Stopped rupt 
SMS=10 scaMbits | 270 SC2M | scom bits . 


Main SC1M=01 depends on depends on | depends on 

Timer RCE and Active PCE and SCE and 

mode __| SMS=10 SC2M bits SC2M bits | SC2M bits om 

Stopped’ 

PLL SC1M=10 depends on depends on em ie alee 

Timer SMS=10 RCE and Active Active SCE and (Hi-Z or 

mode SC2M bits SC2M bits last value 

Sub depends on | depends on noe Ace retained) 

Timer RCE and MCE and and SCM Active 

mode SC2M bits | SC2M bits bits 

Power or 
Stop Stop 7 External 
mode _ | mode eMe=H Stopped stopped reset, Inter- 
rupt 


*1: The RC clock timer, Main clock timer and Sub clock timer operate if the corresponding clock was not stopped 
SC1M: System Clock 1 Monitor bits of clock monitor register (CKMR) 

SC2M: System Clock 2 Monitor bits of clock monitor register (CKMR) 

SMS: Standby Mode Select bits of standby mode control register (SMCR) 


SPL: Pin state setting bit of standby mode control register (SMCR) 
Hi-Z: High-impedance 


9.4.1 Sleep mode (RC Sleep, Main Sleep, PLL Sleep, Sub Sleep mode) 


This mode causes the CPU operating clock (Bus clock CLKB) to stop while other components continue to operate. Transition 
to Sleep mode is done by writing to the standby mode control register (SMCR). Depending on the currently active clock mode 
(as indicated by the SC1M System Clock 1 Monitor bits), the MCU switches either to RC Sleep, Main Sleep, PLL Sleep or 
Sub Sleep mode. 
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9.4.1.1 Functions in Sleep Mode 


CPU, internal memory and data retention 


In Sleep mode, the clock supplying the CPU and the internal memory (CLKB) is stopped. However the contents of dedicated 
registers, such as accumulator, and the internal RAM are retained. 


Resources 


The resource clocks CLKP1 and CLKP2 are active in Sleep mode and the activated resources are operating in their last con- 
figuration. 


Source clock timers 

The oscillators and corresponding source clock timers (RC clock timer, Main clock timer and Sub clock timer) are not affected 
by Sleep mode. They keep running according to their configuration before transition to Sleep mode. 

Resets and Interrupts 


Resets and Interrupts are active in Sleep mode and can be used to release the Sleep mode. 


External Bus and Hold function 

The external bus is stopped in Sleep mode, however the external bus hold function is active (setting external bus pins to Hi-Z 
controlled by HRQ pin if hold function is enabled). 

Status of pins 


During Sleep mode, all pins (excluding those used for the external bus) retain their previous function. 


9.4.1.2 Switching to Sleep Mode 


Writing "01" to the SMS bits of the standby mode control register (SMCR) requests a switch to a Sleep mode. Depending on 
the current clock mode as indicated by the SC1M bits of the clock monitor register (CKMR), a transition to the corresponding 
Sleep mode is requested (RC Run -> RC Sleep, Main Run -> Main Sleep, PLL Run -> PLL Sleep, Sub Run -> Sub Sleep 
mode). The transition to Sleep mode takes place within a few clock cycles after the request. 


Note: 


To make sure instructions following the SMS write instruction are executed after wakeup from Sleep mode (and not before 
transition to Sleep mode), poll the SMS bits after setting to "01". Branch to the next instruction only when the SMS bits are 
cleared to "00". Reading "01" means that the transition to the Sleep mode has not been performed yet (transition request is 
still pending). 

Note: 


When a transition to Sleep Mode should be performed after changing the clock mode (by writing a new value to the System 
Clock 1 Select "SC1S" or System Clock 2 Select "SC2S" bits of the CKSR register), make sure the clock mode transition has 
been performed before writing the SMS bits. Clock mode transitions are delayed by the clock stabilization and synchroniza- 
tion mechanism. Always confirm the correct clock mode by reading the SC1M/SC2M (System Clock 1/2 Monitor) bits of the 
CKMR register before setting the SMS bits. 


Only change the setting of the SC1S/SC2S bits when the SMS bits are "00" (no Standby mode transition request pending). 


Interrupt request when switching to Sleep mode 


When a hardware interrupt is pending, then writing to the SMS bits has no effect. 


9.4.1.3 Release of Sleep Mode 


The standby mode control circuit releases Sleep modes when a reset or an interrupt occurs. See also Table 9-4 for an over- 
view. 
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Return by a reset 


In case of a reset (Power, External, Clock stop detection or Watchdog reset), the MCU changes to the RC Run mode, inde- 
pendent of the last selected clock mode. 


Figure 9-5. Release of the Sleep Mode by External Reset 


RST Pin 
Sleep mode | 
RC clock Depends on RCE bX" Oscillating SSS 
Main clock Depends on MCE bit x Oscillating 
PLL clock Depends on PCE bit Stopped 
Sub clock Depends on SCEbit ! Oscillating 
CPU clock ! RC clock 
CPU operation inactive Reset sequence | Execution 
Sleep mode release as a Reset cleared 


Return by an interrupt 


If an NMI interrupt or another interrupt request of higher than level seven is issued from a peripheral circuit during a Sleep 
mode, the MCU leaves the Sleep mode and returns to the corresponding Run mode (RC Sleep -> RC Run, Main Sleep -> 
Main Run, PLL Sleep -> PLL Run, Sub Sleep -> Sub Run). After the Sleep mode is released, the interrupt is handled as an 
ordinary interrupt. 


If the interrupt is accepted according to the setting of the | flag of the condition code register (CCR), the interrupt level mask 
register (ILM) and interrupt control register (ICR), then the CPU finishes the last instructions which were stored in the pipeline 
and then executes the interrupt routine. After return from this interrupt, the CPU executes the instruction following the last 
instruction executed before entering the interrupt routine. 


If the interrupt is not accepted, the CPU directly executes the instruction following the last instruction executed before enter- 
ing the Sleep mode. 


In case the voltage regulator was manually set to Low Power mode during Sleep mode (by setting the SMCR:LMPSS bit), the 
wakeup is delayed by typ. 40us. 


Figure 9-6 shows the release of a Sleep mode when an interrupt occurs (not NMI). 


Figure 9-6. Release of Sleep Mode by Interrupt 


Interrupt from peripheral function 
Set the enable flag 


Sleep mode is 
not rel 
INT occurrence? No P ot released 
(IL smaller than 7) Sleep mode is not released 
i228 ecales MO tt eae ee ee fe ee ee at ee Soa 
l=1 & No ; 23 i 
IL< ILM Next instruction is executed 
Sleep mode is 
released 
Y 
Vv es 


Interrupt is executed 
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9.4.2 Timer Mode (RC Timer, Main Timer, PLL Timer, Sub Timer mode) 


This mode causes all functions, excluding oscillators, PLL and source clock timers, to stop. Transition to Timer mode is done 
by writing to the standby mode conirol register (SMCR). Depending on the currently active clock mode (as indicated by the 
SC1M System Clock 1 Monitor bits), the MCU switches either to RC Timer, Main Timer, PLL Timer or Sub Timer mode. 


9.4.2.1 Functions in Timer Mode 


CPU, internal memory and data retention 


In Timer mode, the clock supplying the CPU and the internal memory (CLKB) is stopped. However the contents of dedicated 
registers, such as accumulator, and the internal RAM are retained. 


Resources 


The resource clocks CLKP1 and CLKP2 are stopped in Timer mode and all resources are frozen in their last state. 


Source clock timers 

The oscillators and corresponding source clock timers (RC clock timer, Main clock timer and Sub clock timer) are not affected 
in Timer mode. They keep running according to their configuration before transition to Timer mode. 

Resets and Interrupts 


Resets and Interrupts are active in Timer mode and can be used to release the Timer mode. 


External Bus and Hold function 

The external bus is stopped in Timer mode, however the external bus hold function is active (setting external bus pins to Hi-Z 
controlled by HRQ pin if hold function is enabled). 

Status of pins 


The SPL bit of the standby mode control register (SMCR) controls whether the external pins in the Timer mode retain the 
state they had immediately before switching to the Timer mode or go to the high-impedance state. 


9.4.2.2 Switching to Timer Mode 


Writing "10" to the SMS bits of the standby mode control register (SMCR) requests a switch to a Timer mode. Depending on 
the current clock mode as indicated by the SC1M bits of the clock monitor register (CKMR), a transition to the corresponding 
Timer mode is requested (RC Run -> RC Timer, Main Run -> Main Timer, PLL Run -> PLL Timer, Sub Run -> Sub Timer 
mode). The transition to Timer mode takes place within a few clock cycles after the request. 


Note: 


To make sure instructions following the SMS write instruction are executed after wakeup from Timer mode (and not before 
transition to Timer mode), poll the SMS bits after setting to "10". Branch to the next instruction only when the SMS bits are 
cleared to "00". Reading "10" means that the transition to the Timer mode has not been performed yet (transition request is 
still pending). 


Note: 


When a transition to Timer Mode should be performed after changing the clock mode (by writing a new value to the System 
Clock 1 Select "SC1S" or System Clock 2 Select "SC2S" bits of the CKSR register), make sure the clock mode transition has 
been performed before writing the SMS bits. Clock mode transitions are delayed by the clock stabilization and synchroniza- 
tion mechanism. Always confirm the correct clock mode by reading the SC1M/SC2M (System Clock 1/2 Monitor) bits of the 
CKMR register before setting the SMS bits. 


Only change the setting of the SC1S/SC2S bits when the SMS bits are "00" (no Standby mode transition request pending). 


Interrupt request when switching to Timer mode 


When a hardware interrupt is pending, then writing to the SMS bits has no effect. 
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9.4.2.3 Release of Timer Mode 


The standby control circuit releases Timer modes when a reset or an interrupt occurs. See also Table 9-4 for an overview. 


Return by a reset 


In case of a reset (Power, External, Clock stop detection or Watchdog reset), the MCU changes to the RC Run mode, inde- 
pendent of the last selected clock mode. 


Figure 9-7. Release of the Timer Mode by External Reset 


RST Pin ee 

Timer mode ! 

RC clock Depends on RCE bit x : Oscillating 

Main clock Depends on MCE bit ! Oscillating 

PLL clock Depends on PCE bit ! Stopped 

Sub clock Depends on SCE bit x ! Oscillating 

CPU clock ! RC clock 

CPU operation inactive |__| _Resetsequence | Execution 
Timer mode release ot t Reset cleared 


Return by an interrupt 


If an NMI interrupt is asserted or if a source clock timer or External interrupt generates an interrupt request of higher than 
level seven during a Timer mode, the Timer mode is released and the MCU returns to the corresponding Run mode (RC 
Timer -> RC Run, Main Timer -> Main Run, PLL Timer -> PLL Run, Sub Timer -> Sub Run). After the Timer mode is released, 
the interrupt is handled as an ordinary interrupt. 


If the interrupt is accepted according to the setting of the | flag of the condition code register (CCR), the interrupt level mask 
register (ILM) and interrupt control register (ICR), then the CPU finishes the last instructions which were stored in the pipeline 
and then executes the interrupt routine. After return from this interrupt, the CPU executes the instruction following the last 
instruction executed before entering the interrupt routine. 


If the interrupt is not accepted, the CPU directly executes the instruction following the last instruction executed before enter- 
ing the Timer mode. 


In case the voltage regulator was manually set to Low Power mode during Timer mode (by setting the SMCR:LMPSS bit), the 
wakeup is delayed by typ. 40us. 


Figure 9-6 shows the release of a Timer mode when an interrupt occurs (not NMI). 


Figure 9-8. Release of Timer Mode by Interrupt 


Interrupt from peripheral function 
Set the enable flag 


Timer mode is 
not released 

INT occurrence? No . ; 

(IL smaller than 7) Timer mode is not released ‘ 

ee eeratne ae Mts cae aR Dac as ey Ce See 
l=1 & No ; ree i 
IL< ILM Next instruction is executed 
Timer mode is 
v Yes released 


Interrupt is executed 
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9.4.3 Stop Mode 


Because this mode causes all oscillators to stop and inactivates all functions, data can be retained by the lowest power con- 
sumption. 


9.4.3.1 Functions in Stop Mode 


CPU, internal memory and data retention 


In Stop mode, the clock supplying the CPU and the internal memory (CLKB) is stopped. However the contents of dedicated 
registers, such as accumulator, and the internal RAM are retained. 


Resources 


The resource clocks CLKP1 and CLKP2 are stopped and all resources are frozen in their last state. 


Source clock timers and clocks 

The source clock timers (RC clock timer, Main clock timer and Sub clock timer) are all stopped and cleared together with all 
oscillators and the PLL. All oscillator ready flags and the PLL ready flag are cleared. 

Resets and Interrupts 


Resets and Interrupts are active in Stop mode and can be used to release the Stop mode. 


External Bus and Hold function 

The external bus is stopped in Stop mode, however the external bus hold function is active (setting external bus pins to Hi-Z 
controlled by HRQ pin if hold function is enabled). 

Status of pins 

The SPL bit of the standby mode control register (SMCR) controls whether the external pins in the Stop mode retain the state 
they had immediately before switching to the Stop mode or go to the high-impedance state. 

9.4.3.2 Switching to Stop Mode 

Writing "11" to the SMS bits of the standby mode control register (SMCR) requests a switch to Stop mode, independent of the 
current clock mode. The transition to Stop mode takes place within a few clock cycles after the request. 

Note: 


To make sure instructions following the SMS write instruction are executed after wakeup from Stop mode (and not before 
transition to Stop mode), poll the SMS bits after setting to "11". Branch to the next instruction only when the SMS bits are 
cleared to "00". Reading "11" means that the transition to the Stop mode has not been performed yet (transition request is still 
pending). 


Note: 


Setting the SMS bits to "11" (Stop mode) is allowed together with changing the clock mode (by writing a new value to the 
SC1S or SC2S System Clock Select bits of the CKSR register). The new clock setting becomes effective immediately after 
leaving the Stop mode. In difference to the Sleep and Timer mode, it is not necessary to read the SC1M or SC2M (System 
Clock Monitor) bits of the CKMR register and wait for the clock mode transition before setting the SMS bits. However do not 
change the setting of the SC1S/SC2S bits after writing to the SMS bits (when a Standby mode transition request is pending). 


Both System clocks should be set to RC clock when switching to Stop mode to ensure a reliable MCU startup even when the 
external clock fails. This is mandatory when the Clock stop detection reset function is used. 


Never set the SC1S or SC2S bits to a clock which does not exist (for example "Sub clock mode" when device has no sub 
oscillator or no crystal/resonator is connected to sub oscillator pins). 
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Interrupt request when switching to Stop mode 


When a hardware interrupt is pending, then writing to the SMS bits has no effect. 


9.4.3.3 Release of Stop Mode 


The standby control circuit releases the Stop mode when a reset or an interrupt occurs. See also Table 9-4 for an overview. 


Return by a reset 


In case of a Power reset or External reset, the MCU changes to the RC Run mode, independent of the last selected clock 
mode. 


Other types of reset (Clock stop, Software or Watchdog) are not possible in Stop mode. 


Figure 9-9. Release of the Stop Mode by External Reset 


RST Pin 
Stop mode 
RC clock Stopped i Oselllating 
Main clock Stopped __-+-~_ Oscillating. 
PLL clock Stopped Stopped 
Sub clock Stopped _—“seillating 
CPU clock I RC clock 
CPU operation inactive Reset sequence | Execution 
A 
Stop mode release '—— Reset cleared and RC clock ready 


Return by an interrupt 


If an NMI interrupt is asserted or if an External interrupt generates an interrupt request of higher than level seven during Stop 
mode, the Stop mode is released and the MCU returns to the Run mode selected by the SC1S System Clock 1 Select bits 
(after applying the appropriate clock stabilization wait time). Oscillators are enabled according to the configuration of the 
CKSR register. After the Stop mode is released, the interrupt is handled as an ordinary interrupt. 


If the interrupt is accepted according to the setting of the | flag of the condition code register (CCR), the interrupt level mask 
register (ILM) and interrupt control register (ICR), then the CPU finishes the last instructions which were stored in the pipeline 
and then executes the interrupt routine. After return from this interrupt, the CPU executes the instruction following the last 
instruction executed before entering the interrupt routine. 


If the interrupt is not accepted, the CPU directly executes the instruction following the last instruction executed before enter- 
ing the Stop mode. 


Figure 9-10 shows the release of a Stop mode when an interrupt occurs (not NMI). 
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Figure 9-10. Release of Stop Mode by Interrupt 


Interrupt from peripheral function 
Set the enable flag 


Stop mode is 
> not released 
Pretty Stop mode is not released ‘ 
Pee eee MES (eS onthe & ete Ba i el hE ele 
Enable oscillators and PLL according i 
to RCE, MCE, PCE and SCE bits and 
wait for stabilization of clock selected i 
by SC1S bits. This clock is always activated Slop meds iS 


independent of the corresponding enable bit 


Next instruction is executed 


y Yes 


Interrupt is executed 


9.5 Mode Change Table and operation status 


Table 9-4 show the mode change table of the F7MC-16FX MCU and Table 9-5 shows the operation status in each operating 
mode. 


Mode change table 


Table 9-4. Mode change table 


Current mode 
(indicated by SC1M After Reset After interrupt By CPU command 


bits) 
Main Run, PLL Run, Sub Run, 
; RC Run, PLL Run, Sub Run, 
Main Sleep, Main Timer, Stop 
RC Run, Main Run, Sub Run 
PLL Run : 
PLL Sleep, PLL Timer, Stop 
RC Run, Main Run, PLL Run 
Sub Run ; 
Sub Sleep, Sub Timer, Stop 
PLL Run 


PLL Run 


RC Run, Main Run 


Stop PLL Run, Sub Run (depending on last value 
written to SC1S bits) 
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Operation status in each operating mode 


Table 9-5 lists the operation status in each operating mode. 


Table 9-5. Operation status in each operating mode 


Operation 
mode 


Main sleep 


Main timer 


PLL timer 


Sub timer 


External reset 
activated 


RC oscillator and 
RC clock timer 


Active 


Depending on RCE 
and SC2M bits 


Depending on RCE 
and SC2M bits 


Depending on RCE 
and SC2M bits 


Stopped 


RC oscillator on, RC 
clock Timer stopped 


Main oscillator 
and Main clock 
timer 


Depending on 
MCE and SC2M 
bits 


Active 


Active 


Depending on 
MCE and SC2M 
bits 


Main oscillator on, 
Main clock Timer 
active 


PLL clock 


Depending on 
PCE, MCE and 
SC2M bits 


Depending on 
PCE and SC2M 
bits 


Active 


Depending on 
PCE, MCE and 
SC2M bits 


Stopped 


Sub oscillator and 
Sub clock timer 


Depending on SCE 
and SC2M bits 


Depending on SCE 
and SC2M bits 


Depending on SCE 
and SC2M bits 


Active 


Sub oscillator on, 
Sub clock Timer 
stopped 


Clock source 
for Bus Clock 
CLKB 


RC clock 


Clock source for Peripheral 


Clock 


Stopped 


Main clock 


CLKP1 


RC clock 


CLKP2 


Depending on 
SC2M bits 


Stopped 


PLL clock 


Main clock 


Stopped 


Depending on 
SC2M bits 


Stopped 


Sub clock 


PLL clock 


Stopped 


Depending on 
SC2M bits 


Stopped 


Sub clock 


Stopped 


Depending on 
SC2M bits 


Stopped 


Stopped 


9.6 


Note the following items when using the standby modes: 


Usage Notes on Standby Mode 


= Switching to a standby mode and Interrupt 
m Release of the standby mode by an Interrupt 

m Release of the Stop mode by an Interrupt 

m Oscillation stabilization wait time after Stop mode release 
m Clock mode switching 


Switching to a Standby Mode and Interrupt 


When there is a pending interrupt request to the CPU, writing to the SMS bits in the SMCR register has no effect. In other 
words, the desired mode transition is not performed even after the interrupt service is completed. If the interrupt request is 
already cleared and if there are no other pending requests, the desired mode transition can be performed. Note that this 
behavior is not dependent on whether the setting in the PS register allows the CPU to accept the interrupt request. 


Release of the Standby Mode by an Interrupt 


If an NMI or an interrupt request of interrupt priority level higher than seven is issued from a peripheral function during Sleep, 
Timer or Stop mode, the standby mode is released, which does not depend on whether the CPU accepts the interrupt. 


After the release of the standby mode by an interrupt, normal processing is performed. 


If the interrupt is accepted, the CPU first executes the remaining instructions in the pipeline as to the state before entering the 
standby mode. Then it continues with normal interrupt processing. 


If the interrupt is not accepted, the CPU continues with the execution of the instructions in the pipeline and the following 
instructions. 


In case the voltage regulator was manually set to Low Power mode during Sleep or Timer mode (by setting the 
SMCR:LMPSS bit), the wakeup is delayed by typ. 40s for the stabilization of the voltage regulator. 
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Release of the Stop Mode by an Interrupt 


The Stop mode can be released by an external interrupt or by an NMI. As an external interrupt input cause, a H-level signal, 
L-level signal, rising edge, or falling edge can be selected. 


Oscillation stabilization wait time after Stop mode release 


Because all oscillators are halted in the Stop mode, an oscillation stabilization wait time is required. The setting of the SC1S 
and SC2S bits of the CKSR register define which clock is used after wakeup from Stop mode by interrupt. Oscillators and the 
PLL clock are enabled depending on the RCE, MCE, PCE, SCE, SC1S and SC2S bits and stabilization times are applied 
according to the setting of the clock stabilization select register (CKSSR). The CPU starts operating after stabilization of the 
System clock 1, selected by the SC1S bit. Modules using the System clock 2 start operating after stabilization of the System 
clock 2. The clocks selected by the SC1S and SC2S bits are always enabled, independent of the setting of the clock enable 
bits (RCE, MCE, PCE and SCE). 


Note: 


After Stop mode release, the CPU starts operating after stabilization of the System clock 1 selected by the SC1S bit. However 
another clock can be selected as System clock 2 with a longer stabilization time. If the CPU tries to access a peripheral 
resource clocked by the Peripheral clock 2, then the CPU will be put into hold state until CLKP2 is stabilized and the access 
can be completed. 


After Stop mode release, the SC2M bits indicate the clock used before stop mode until the newly selected clock is ready 
(clock ready monitor bit of clock selected by SC2S bits is "1") because this register can only be updated with System clock 2. 
Note: 


Never set the SC1S or SC2S bits to a clock which does not exist (for example "Sub clock mode" when device has no sub 
oscillator or no crystal/resonator is connected to sub oscillator pins) because program execution is delayed until the clock 
selected by SC1S is stabilized. It is recommended to always select the RC clock for both System clocks when changing to 
Stop mode. 


If Stop mode is released by reset, the clock mode is always set to RC clock and the reset sequence is executed after stabili- 
zation of the RC oscillator. All registers and functions are reset to the initial state. 
Clock mode switching 


When the clock mode is switched by writing to the SC1S/SC2S bits, do not switch to Sleep or Timer mode before the clock 
mode switching is completed. Confirm the completion of clock mode switching by referring to the SC1M/SC2M bits of the 
clock monitor register (CKMR). 


A transition to Stop mode however is possible without waiting for the clock mode switching. 


Only change the setting of the SC1S/SC2S bits when the SMS bits are "00" (no Standby mode transition request pending). 


9.7 Voltage Regulator Operation 


The F2MC-16FX MCUs are equipped with an on-chip voltage regulator which generates the power supply for the core logic 
out of the external power supply. This regulator has different operation modes with programmable output voltage. This feature 
can be used to optimize power consumption, especially in Standby modes. 


This chapter describes the different operation modes of the regulator, how to change the operation mode and how to set the 
output voltage. 


High Power mode 


The "High Power mode" is the default operation mode of the voltage regulator. In this mode, the regulator is able to provide 
the maximum current consumed by the MCU in any mode. The output voltage for this mode is individually programmable. 
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The default output voltage is 1.8V (adjusted to the process technology) and the current consumption of the regulator itself is 
several hundred microampere. 


The voltage regulator is operating in this mode when either the RC oscillator or the Main oscillator is active (unless the 
SMCR:LMPS or SMCR:LPMSS bits are set). 


Low Power mode 


The "Low Power Mode" is the alternative operation mode of the voltage regulator. In the Low Power Mode, the regulator is 
able to provide a maximum transient current of ~100uA. The current consumption of the regulator itself is reduced to ~10uA. 
No Flash programming/erasing is permitted in this mode. 


Two different Low Power Modes are available. The output voltage for each mode is individually programmable. The default 
output voltage for both modes is 1.8V: 
m Low Power ModeA 


The voltage regulator is operating in this mode when the RC oscillator and the Main oscillator are both stopped and the 
Sub oscillator is active (Sub Run/Sleep/Timer mode with disabled RC and Main oscillator). 


This mode can also be selected by setting the SMCR:LPMS or SMCR:LPMSS bits even if the RC or Main oscillator is 
enabled. 


m Low Power Mode B 
The voltage regulator is operating in this mode when all oscillators are stopped (Stop mode). 
This mode can also be selected by setting the SMCR:LPMBSS bit. 

Note: 


Selecting this mode using the SMCR:LPMBSS bit is currently under evaluation and must not be used. 


9.7.1 Changing the Voltage Regulator operation mode 


The voltage regulator operation modes are automatically controlled by hardware depending on the selected CPU operation 
mode. However in some modes and under certain conditions, it is permitted to manually change the regulator from High 
Power mode to Low Power mode for further current saving. 

9.7.1.1 Overview 


The current consumption of the MCU core depends on the operation mode of the MCU (Run, Sleep, Timer or Stop mode), the 
activated oscillators and PLL and the selected frequencies (CLKS1, CLKS2, CLKB, CLKP1 and CLKP2). 


The automatic voltage regulator control logic sets the regulator to the High Power mode whenever the Main or the RC oscilla- 
tor is activated. In this High Power mode, the regulator is able to drive any current consumed by the core. This guarantees a 
safe MCU operation independent of the selected CPU operation mode and the RC or Main clock frequency. 


Certain applications however require a very small MCU current consumption in dedicated Low Power CPU operation modes. 
This can be achieved by manually setting the voltage regulator to the Low Power mode even if the Main or RC oscillator is 
active. This reduces the MCU current consumption by several 100A. 


Using this feature is permitted only for CPU operation modes with a small dynamic current consumption. 

In the automatic voltage regulator control, the stabilization time of the regulator takes place during the stabilization of the 
oscillators. Hence there is no additional delay for stabilization of the voltage regulator. 

9.7.1.2 Setting Voltage regulator to Low Power mode by user program 


The voltage regulator can be set to the Low Power mode by controlling the SMCR:LPMS and SMCR:LPMSS bits, depending 
on the CPU operation mode where power consumption should be reduced. 


Switching to the Low Power mode with the SMCR:LPMS bit 


Setting the SMCR:LPMS bit to "1" immediately switches the voltage regulator to the Low Power mode. This is permitted only 
in RC Run mode (100kHz) with disabled PLL and a maximum Main clock frequency of 4MHz. The regulator stays in Low 
Power mode until this bit is cleared, independent of the MCU operation mode (Run or Standby mode). 
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The MCU must be set to the RC Run mode and also CLKS2 must be set to RC or Sub clock by setting the SC1S/SC2S bits 
and confirming the transition by reading the SC1M/SC2M bits. Then the SMCR:LPMS bit can be set to "1" and the voltage 
regulator switches to the Low Power mode. 


The regulator must be switched back to the High Power mode before changing the CPU operation mode to a setting with a 
higher current consumption. This must be done in the following sequence: 

m Clear the SMCR:LPMS bit. 

m Apply a wait time of 40us for stabilization of the voltage regulator. 

m Switch to the new operation mode (change SC1S/SC2S bits, enable PLL, etc.). 


Switching to the Low Power mode with the SMCR:LPMSS bit 
This bit can be used to switch the voltage regulator to Low Power mode in certain Sleep and Timer modes. 


Setting the SMCR:LPMSS bit to "1" switches the voltage regulator to the Low Power mode with the next transition to a 
Standby mode. This bit has no effect as long as the MCU is in Run mode. Setting the SMCR:LPMSS bit is possible before or 
together with setting the SMCR:SMS Standby mode request bits. 


A wakeup interrupt switches the voltage regulator automatically back to the High Power mode (if the Main or RC oscillator is 
enabled). The transition to Run mode is automatically delayed by the stabilization time of the regulator (~40us). 


Setting SMCR:LPMS to "1" overrules the setting of the SMCR:LPMSS bit. 
Switching to the Low Power mode B with the SMCR:LPMBSS bit 


Note: Do not change this bit, because this function is under evaluation by Cypress. 


Setting the SMCR:LPMBSS bit to "1" switches the voltage regulator to the Low Power mode B instead of Low Power mode A 
after the next transition to a Standby mode. This means the output voltage is controlled by the VRCR:LPMB[2:0] bits instead 
of the VRCR:LPMA[2:0] bits. Setting the SMCR:LPMBSS bit is possible before or together with setting the SMCR:SMS 
Standby mode request bits. 


This bit only has an effect when the device is in Standby mode and the regulator is set to Low Power mode by hardware or 
the SMCR:LPMS or SMCR:LPMSS bits. 


A wakeup interrupt switches the voltage regulator back to the High Power mode or Low Power mode A. The transition to Run 
mode is automatically delayed by the stabilization time of the regulator (~40us). 


9.7.1.3 Permitted configurations for using the Low Power mode of the voltage regulator 


The voltage regulator can be switched to the Low Power mode (setting SMCR:LPMS or LMPSS to "1") in the following config- 
urations: 


Table 9-6. Permitted configurations for using the Low Power mode A 


Operation mode RC oscillator Main oscillator Sub oscillator 


RC run 1) 
“i Active (set to 100kHz) Aas ith f.<.<4MH disabled 
RG sl Ctive with foge < z or disable: 
C sleep : Active or disabled 
RC timer Active (set to 100kHz or 2MHz) 


Main timer Active with fog < 4MHz Disabled 


Sub run (1) Active (set to 100kHz or 2MHz) 
Sub sleep (1) or disabled Active with fogg < 4MHz or disabled Active 


Sub timer 


*1: System clock 2 must be set to RC clock or Sub clock. 2MHz setting of RC clock is not permitted as System clock 2 in Run 
or Sleep mode. 
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9.7.2 Setting the Voltage Regulator output voltage 


The output voltage of the regulator can be programmed to adjust the core voltage depending on the required performance or 
current consumption. 


9.7.2.1 Voltage setting in High Power mode 


The default output voltage of the regulator is 1.8V. This is the standard core voltage for the 0.181m process and suitable for 
most applications which do not require the maximum performance. See the Datasheet for the maximum internal clock fre- 
quencies (CLKS1, CLKS2, CLKB, CLKP1 and CLKP2) depending on the core voltage. 


Changing the Core voltage to 1.9V 


For applications which require the maximum performance, it is required to set the core voltage to 1.9V by setting the 
VRCR:HPM bits to "11" before changing to the fast clock. 


The regulator must be set to 1.9V before enabling the PLL with the high frequency. 


For Flash devices, it is also necessary to set the FMCS:RD19V bit(s) to 1’ before changing to the fast clock. The order of the 
write access to the VRCR and FMCS register does not matter. 


1.6V and 1.7V settings 
These settings are not approved by Cypress. 


9.7.2.2 Voltage setting in Low Power modes 


The default output voltage of the regulator in Low Power mode A and B is 1.8V. 


Changing the Core voltage in Low Power mode A 


Changing the output voltage of the regulator in the Low Power mode A is not approved by Cypress. 


Changing the Core voltage in Low Power mode B 


For applications which require a small current consumption in Stop mode, it is possible to reduce the core voltage to 1.2V by 
setting the VRCR:LPMB[2:0] bits to "000" before entering Stop mode. This reduces the leakage current of the MCU. 


See datasheet for absolute values of the Stop mode current at 1.2V and 1.8V core voltage. 
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This chapter explains the functions and operations of the three source clock timers (RC clock timer, Main clock timer and Sub 
clock timer). 
10.1 Overview 


10.2 RC Clock Timer 
10.3 Main Clock Timer 
10.4 Sub Clock Timer 


10.1 Overview 


The MB96300 Super series offers 3 independent source clock timers (RC clock timer, Main clock timer and Sub clock timer) 
which can issue interrupts at specified intervals and which are used to measure the oscillation stabilization time. 


RC clock timer 


The RC clock timer is clocked by the output signal of the internal RC oscillator (CLKRC) and is always running when the RC 
oscillator is enabled. It is also used to measure the RC clock stabilization wait time. 


Main clock timer 


The Main clock timer is clocked by the output signal of the Main oscillation circuit (CLKMC) and is always running when the 
Main oscillator is enabled. It is also used to measure the Main clock stabilization wait time. 


Sub clock timer 


The Sub clock timer is clocked by the output signal of the Sub oscillation circuit (CLKSC) and is always running when the Sub 
oscillator is enabled. It is also used to measure the Sub clock stabilization wait time. 


10.2 RC Clock Timer 


The RC clock timer consists of a 23-bit counter and a control register. The 23-bit counter divides the RC clock CLKRC. The 
RC clock timer issues interrupts at specified intervals based on carry signals of the RC clock counter. 


Outline of the RC clock timer 


A Power or External reset initializes the RC clock timer to zero. The RC clock timer is also initialized when the RC clock is dis- 
abled (at transition to Stop mode or by setting RCE to "0"), or by writing "0" to the RCTR bit of the RCTCR register. The RC 
clock timer continues counting as long as the RC clock is supplied. The RC clock timer is used to measure the RC clock sta- 
bilization wait time and can be used to generate interval interrupts. 


Block diagram of RC clock timer 


Figure 10-1 shows a block diagram of the RC clock timer. 
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Figure 10-1. Block diagram of RC clock timer 


RC clock counter 


CLKRC 


counter reset 
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Power reset 
RST asserted 
RC oscillator disable 


Counter 
reset circuit 


RC clock timer interrupt 
interval selector 


RCTIF set 


RC clock timer control register 
(RCTCR) 


| = [Romie RCTIF | RCTR | RCTI3 | RCTI2 | RCTI1 | RCTIO 
RC clock timer interrupt signal o—_(_ | 


10.2.1. RC Clock Timer Control Register (RCTCR) 


The RC Clock Timer Control Register (RCTCR) is used to control the RC clock timer interval interrupt function and to reset 
the RC clock timer. 


Configuration of the RC Clock Timer Control Register (RCTCR) 


Figure 10-2 shows the configuration of the RC Clock Timer Control Register (RCTCR) and Table 10-1 describes the function 
of each bit. 
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Figure 10-2. Configuration of the RC Clock Timer Control Register (RCTCR) 


Address: 7 


6 


R/W R/W WwW 


5 4 3 2 1 0 
conte [Foe er|een sen 


R/W R/W R/W R/W 


Initial value 
X00100008, 


bit3 


bit2 


! 


bit1 bitO 


Source Clock Timers 


RC Clock Timer Interrupt interval 
(The corresponding time for the 
nominal RC clock frequency of 2MHz 
and 100kHz is given in parentheses) 


28 / CLKRC (approx. 128,1s/2.5ms) 


2° / CLKRC (approx. 256u1s/5.1ms) 


2'9 / CLKRC (approx. 512us/10.2ms) 


2'1 / CLKRC (approx. 1ms/20.5ms) 


212 / CLKRC (approx. 2ms/41ms) 
213 / CLKRG (approx. 4ms/82ms) 


2147 CLKRC approx. 8ms/164ms) 


2'5/ CLKRC (approx. 16ms/328ms) 


218 / CLKRC (approx. 32ms/655ms) 


2'7/ CLKRC (approx. 65ms/1.3s) 


218 / CLKRC approx. 131m/2.6s) 


219 / CLKRC (approx. 262ms/5.2s) 


2°0 / CLKRC (approx. 524ms/10.4s) 
221 / CLKRC (approx. 1.05s/21s) 


222 / CLKRC (approx. 2.1s/42s) 


bit4 


bits 


Read 


always reads 1 


223 / CLKRC (approx. 4.2s/84s) 


RC Clock Timer Reset bit 


Write 
reset all bits to 0 


no effect 


RC Clock Timer Interrupt Flag 


la : Initial value 


Xx : undefined value 
WwW : Write only (read always returns "1") 
R/W : Readable and writable 


bité 


bit7 


Read 
no interrupt 


Write 
clear this bit 


interrupt requested 


RCTIE RC Clock Timer Interrupt Enable bit 


no effect 


Disable Interrupt 
1 Enable Interrupt 


0 Always write "0" to this bit 
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Table 10-1. Function eee of Each Bit of the RC Clock Timer Control Register (RCTCR) 


| s«iBitname name 


* These bits control the RC clock timer interrupt interval according to the following table: 
bit3 bit2 bit1 bitO 
RC Clock Timer Interrupt interval 
(The corresponding time for the 
nominal RC clock frequency of 2MHz 
and 100kHz is given in parentheses) 
28 / CLKRC (approx. 128us/2.5ms) 
29 / CLKRC (approx. 256ys/5.1ms) 
21° / CLKRG (approx. 5121s/10.2ms) 
2'' / CLKRC (approx. 1ms/20.5ms) 
212 / CLKRC (approx. 2ms/41ms) 
2'3 / CLKRC (approx. 4ms/82ms) 
RCTIO to ACTH: 2147 CLKRC (approx. 8ms/164ms) 
ie) 
2'5/ CLKRC (approx. 16ms/328ms) 
bit 0 - bit3 | RC Clock Timer Interrupt 3 
interval select bits 2'° / CLKRC (approx. 32ms/655ms) 
2'7 / CLKRC (approx. 65ms/1.3s) 
218 / CLKRC (approx. 131m/2.6s) 
219 / CLKRC (approx. 262ms/5.2s) 
270 / CLKRG (approx. 524ms/10.4s) 
221 / CLKRC (approx. 1.05s/21s) 
22 / CLKRCG (approx. 2.1s/42s) 
2?3 / CLKRC (approx. 4.28/84) 
These bits are initialized to "0000" by any reset. 
When data is written to these bits, bit 5 (RCTIF) should be cleared at the same time. 
Please note that above calculated times are based on the nominal RC clock frequency. The actual frequency and 
interval times however vary. Please see the datasheet for more details regarding accuracy of the RC clock fre- 


af/af}/sa/4a]/42/4]/42)/42/0/0/0}/0s/a}/o/o 
|af/]/4);-2/0/0/0;/o0f/—]-/—]]/-+-)/-+-;/c0o;/co/o 
+j=f/+1O0}/O0}/]/+/0;/0f7/]-/+-]/o;os;/-]-]|/co 
S+1O}+/O0}/]/0O}/+=)/07/+=/0}/+/07-]/0]/+ 


quency. 


This bit clears all bits of the RC clock counter. 
Writing "0" clears the RC clock counter. 
ay RCTR: Writing "1" has no effect. 
RG Clock Timer Reset bit 1" is always read from this bit. 
Note: 
When clearing the RC clock timer by writing "0" to this bit, also clear the RC clock timer interrupt flag by writing 
"0" to the RCTIF bit. 


This is an interrupt request flag for the RC clock timer. 
This bit is set to "1" for each interval specified with the RCTI[3:0] bits. 
When this bit is set to "1", an interrupt request is issued if the interrupt enable bit RCTIE is set to "1". 
RCTIF: This bit is cleared by writing "0" and by any reset. 
bit 5 RC Clock Timer Interrupt This bit should always be cleared when the RC clock timer is reset 
Flag The RC clock timer interrupt interval bits RCTI[3:0] are reset to "0000" (28 CLKRC cycles) by any reset. Hence, at 


28 CLKRC cycles after any reset, the RCTIF bit is set to "1". 
Writing "1" has no effect. 
"1" is always read by a read-modify-write instruction. 
RCTIE: This bit is used to enable interval interrupts based on the RC clock timer. 
bit 6 RC Clock Timer Interrupt Writing "1" to this bit enables interrupts and writing "0" disables interrupts. 


Enable bit This bit is reset to "0" by any reset. 


Always write "0" to this bit. 
bit 7 Reserved The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 


214 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“ae” «= EMBEDDED IN TOMORROW Source Clock Timers 


10.2.2 Operations of RC Clock Timer 


The RC clock timer functions as an interval timer for generating interrupts at specified intervals. 


RC clock counter 


The RC clock counter consists of a 23-bit counter that is clocked with the RC clock CLKRC. When the RC clock is active, the 
RC clock counter always keeps counting. The RC clock frequency is set by the CKFCR: RCFS bit. 


The RC clock counter is cleared when the RC clock is stopped (transition to Stop mode or RC clock disabled with CKSR: 
RCE bit and confirmed by the CKMR: RCM bit), by writing "0" to the RCTR bit of the RCTCR register, by a Power reset and 
an External reset. 

Note: 


The RC clock counter is cleared and stopped as long as the External reset is asserted. This also stops the RC clock stabiliza- 
tion time counter. Hence the RC clock stabilization time is delayed by RSTX and starts counting after deasserting the External 
reset. This behavior differs from the Main clock counter. 

Interval interrupt function 


Interrupts are generated at specified intervals according to the carry signals of the RC clock counter. The RCTIF flag is set at 
the intervals specified with the RCTI[3:0] bits of the RCTCR register. The interval time starts when the RC clock timer is 
cleared and starts counting. 


The RC clock stabilization time counter is connected to the RC clock counter. Hence when the RC clock is stopped (transition 
to Stop mode or RC clock disabled with CKSR: RCE bit and confirmed by the CKMR: RCM bit), then the RC clock counter is 
immediately cleared. 


10.3 Main Clock Timer 


The Main clock timer consists of a 23-bit counter and a control register. The 23-bit counter divides the Main clock CLKMC. 
The Main clock timer issues interrupts at specified intervals based on carry signals of the Main clock counter. 


Outline of the Main clock timer 


A Power reset or a falling edge at the RST input pin initializes the Main clock timer to zero. The Main clock timer is also initial- 
ized when the Main clock is disabled (at transition to Stop mode or by setting MCE to "0"), or by writing "0" to the MCTR bit of 
the MCTCR register. The Main clock timer continues counting as long as the Main clock is supplied. The Main clock timer is 
used to measure the Main clock stabilization wait time and can be used to generate interval interrupts. 


Block diagram of Main clock timer 


Figure 10-3 shows a block diagram of the Main clock timer. 
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Figure 10-3. Block diagram of Main clock timer 


CKSSR: MCST[2:0] Main clock stabilization Main Clock ready 
time selector Monitor (MCM) 


Main clock counter 


counter reset 


YYVVVVVVVVVVVVVV" 
____ Power reset 
RST falling edge Counter Main clock timer interrupt 
Main oscillator disable reset circuit interval selector 
Main clock stop detection reset 


MCTIF set 


Main clock timer control register 
(MCTCR) 


| = |More MCTIF | MCTR | MCTI3 | MCTI2 | MCTI1 | MCTIO 
Main clock timer interrupt signal o—(_ | 


10.3.1. Main Clock Timer Control Register (MCTCR) 


The Main Clock Timer Control Register (MCTCR) is used to control the Main clock timer interval interrupt function and to reset 
the Main clock timer. 


Configuration of the Main Clock Timer Control Register (MCTCR) 


Figure 10-4 shows the configuration of the Main Clock Timer Control Register (MCTCR) and Table 10-2 describes the func- 
tion of each bit. 
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Figure 10-4. Configuration of the Main Clock Timer Control Register (MCTCR) 


Address: _19 


14 #13 1 


R/W R/W WwW 


11 


2 10 9 8 
conten [- Feefer fen eens 


R/W R/W R/W R/W 


Initial value 
X00100008 


bit11 


: 


bit10 bit9 bit8 


Source Clock Timers 


Main Clock Timer Interrupt interval 
(The corresponding time for a Main 
clock of 4MHz is given in parentheses) 


28 / CLKMC (approx. 64s) 


2° / CLKMC (approx. 1281s) 


2'9 / CLKMG (approx. 256us) 


2"! / CLKMC (approx. 512s) 


212 / CLKMC (approx. 1ms) 
218 / CLKMC (approx. 2ms) 


214 / CLKMC (approx. 4ms) 


2'5/ CLKMC (approx. 8ms) 


216 / CLKMC (approx. 16ms) 


2'7 / CLKMG (approx. 32ms) 


218 / CLKMC (approx. 65ms) 


219 / CLKMC (approx. 131ms 


2°0 / CLKMC (approx. 262ms 


222 / CLKMC (approx 


bit12 


Read 


always reads 1 


bit13 


) 
) 
221 / CLKMC (approx ) 
) 
) 


223 | CLKMC (approx 


Main Clock Timer Reset bit 


Write 
reset all bits to 0 


no effect 


Main Clock Timer Interrupt Flag 


la : Initial value 


Xx : undefined value 
WwW : Write only (read always returns "1") 
R/W : Readable and writable 


Read 
no interrupt 


Write 
clear this bit 


interrupt requested 


bit14 


MCTIE Main Clock Timer Interrupt Enable bit 


no effect 


bitiS 


Disable Interrupt 
1 Enable Interrupt 


0 Always write "0" to this bit 
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Table 10-2. Function Description of Each Bit of the Main Clock Timer Control Register (MCTCR) 


pS Bitmame metion 


¢ These bits control the Main clock timer interrupt interval according to the following table: 
bit11 bit10 bit9 bit8 
Main Clock Timer Interrupt interval 
(The corresponding time for a Main 

clock of 4MHz is given in parentheses) 
28 / CLKMC (approx. 64s) 
2° / CLKMC (approx. 128s) 
2'0 / CLKMC (approx. 256s) 
2'1 / CLKMC (approx. 512us) 
212 / CLKMC (approx. 1ms) 

MCTIO to MCTI2: 213 / CLKMC (approx. 2ms) 

bit 8 - bit 11 | Main Clock Timer Interrupt 2'4 / CLKMC (approx. 4ms) 

interval select bits 2157 CLKMC (approx. 8ms) 
216 / CLKMC (approx. 16ms) 
217 / CLKMC (approx. 32ms) 
218 / CLKMG (approx. 65ms) 
219 / CLKMG (approx. 131ms) 
20 / GLKMG (approx. 262ms) 
2?! / CLKMC (approx. 524ms) 
222 | CLKMC (approx. 1.049s) 

These bits are initialized to "0000" by any reset. 
When data is written to these bits, bit 13 (MCTIF) should be cleared at the same time. 


=/-=/2/42/2/A2}/unu;|ol/olololololo 


=/[-=}]-2}/A;/olololo;/=-/-=-/|/-=a|=a;/o;lolo 
=[-A|lolo;/=a[=a|olo;/=|/-Aa|lolo;|/=a|-A|o 
=alol=A|lo;l/Aalo|/A|o;/=A|/olAalo|/Aa|loja 


= 


This bit clears all bits of the Main clock counter. 
Writing "0" clears the Main clock counter. 

ae MCTR: Writing "1" has no effect. 

T nane . % 
Main Clock Timer Reset bit 1" is always read from this bit. 
Note: 

When clearing the Main clock timer by writing "0" to this bit, also clear the Main clock timer interrupt flag by writ- 
ing "0" to the MCTIF bit. 


This is an interrupt request flag for the Main clock timer. 
This bit is set to "1" for each interval specified with the MCTI[3:0] bits. 
When this bit is set to "1", an interrupt request is issued if the interrupt enable bit MCTIE is set to "1". 
MCTIF: This bit is cleared by writing "0" and by any reset. 
bit 13 Main Clock Timer Interrupt This bit should always be cleared when the Main clock timer is reset 
Flag The Main clock timer interrupt interval bits MCTI[3:0] are reset to "0000" (28 CLKMC cycles) by any reset. Hence, 


at 28 CLKMC cycles after any reset, the MCTIF bit is set to "1". 
Writing "1" has no effect. 
"1" is always read by a read-modify-write instruction. 
MCTIE: This bit is used to enable interval interrupts based on the Main clock timer. 
bit 14 Main Clock Timer Interrupt Writing "1" to this bit enables interrupts and writing "0" disables interrupts. 


Enable bit This bit is reset to "0" by any reset. 


Always write "0" to this bit. 
bit 15 Reserved The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 
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10.3.2 Operations of Main Clock Timer 

The Main clock timer functions as an interval timer for generating interrupts at specified intervals and as a timer for waiting for 
the Main oscillation to stabilize. 

Main clock counter 


The Main clock counter consists of a 23-bit counter that is clocked with the Main clock CLKMC. When the Main clock is active, 
the Main clock counter always keeps counting. 


The Main clock counter is cleared when the Main clock is stopped (transition to Stop mode or Main clock disabled with CKSR: 
MCE bit and confirmed by the CKMR: MCM bit), by writing "0" to the MCTR bit of the MCTCR register, by a Power reset, by 
an External reset and by a Main clock stop detection reset. 


Note: 


An External reset only clears and stops the Main clock counter by detecting a falling edge at the RST input pin. After 700 RC 
clock cycles (when the external reset extension time is expired), the Main clock counter reset is released and the counter 
starts counting even if the External reset is still asserted. Hence the Main clock stabilization time takes place already when 
RST is still active. This behavior differs from the RC clock counter and the Sub clock counter. 


Interval interrupt function 


Interrupts are generated at specified intervals according to the carry signals of the Main clock counter. The MCTIF flag is set 
at the intervals specified with the MCTI[3:0] bits of the MCTCR register. The interval time starts when the Main clock timer is 
cleared and starts counting. 


When the Main clock is stopped (transition to Stop mode or Main clock disabled with CKSR: MCE bit and confirmed by the 
CKMR: MCM bit), the Main clock timer is used as a timer for waiting for the Main oscillation to stabilize upon recovery. There- 
fore, the Main clock counter is immediately cleared when the Main clock is stopped. 


10.4 Sub Clock Timer 


The Sub clock timer consists of a 17-bit counter and a control register. The 17-bit counter divides the Sub clock CLKSC. The 
Sub clock timer issues interrupts at specified intervals based on carry signals of the Sub clock counter. 


Outline of the Sub clock timer 


A Power or External reset initializes the Sub clock timer to zero. The Sub clock timer is also initialized when the Sub clock is 
disabled (at transition to Stop mode or by setting SCE to "0"), or by writing "0" to the SCTR bit of the SCTCR register. The 
Sub clock timer continues counting as long as the Sub clock is supplied. The Sub clock timer is used to measure the Sub 
clock stabilization wait time and can be used to generate interval interrupts. 


Block diagram of Sub clock timer 


Figure 10-5 shows a block diagram of the Sub clock timer. 
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Figure 10-5. Block diagram of Sub clock timer 


. . Sub clock stabilization Sub Clock ready 
CKSSR: SCST[1:0] time selector Monitor (SCM) 


Sub clock counter 


CLKSC 


counter reset 


Power reset 
RST asserted Counter Sub clock timer interrupt 
Sub oscillator disable reset circuit interval selector 
Sub clock stop detection reset 


SCTIF set 


Sub clock timer control register 
(SCTCR) 


[= [eee] see] = [eres sero 
Sub clock timer interrupt signal o—{ | 


10.4.1. Sub Clock Timer Control Register (SCTCR) 


The Sub Clock Timer Control Register (SCTCR) is used to control the Sub clock timer interval interrupt function and to reset 
the Sub clock timer. 


Configuration of the Sub Clock Timer Control Register (SCTCR) 


Figure 10-6 shows the configuration of the Sub Clock Timer Control Register (SCTCR) and Figure 10-3 describes the func- 
tion of each bit. 
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Figure 10-6. Configuration of the Sub Clock Timer Control Register (SCTCR) 


Address: 3. 2 1 0 Initial value 
a 


- R/W RW W -. RW RW R/W 


| —= 1] 


bit2 bit1 bito 


Sub Clock Timer Interrupt interval 
(The corresponding time for a Sub cloc'! 
of 32.768kHz is given in parentheses) 


2'9 / CLKSC (31.25 ms) 
2'1 / CLKSC (62.5 ms) 


0 
1 2'2/ CLKSC (125 ms) 
1 213 / CLKSC (250 ms) 
0 214 / CLKSC (500 a 
0 
1 
1 


2'5/ CLKSC (1 
218 / CLKSC (2 s) 
2'7 / CLKSC (4 s) 

bit3 


0 Always write "0" to this bit 


bit4 


Sub Clock Timer Reset bit 
Read Write 
reset all bits to 0 


always reads 1 
no effect 


bits 
Sub Clock Timer Interrupt Flag 
Read Write 
no interrupt clear this bit 


interrupt requested no effect 


bit6 
SCTIE Sub Clock Timer Interrupt Enable bit 


Disable Interrupt 
1 Enable Interrupt 


bit7 
x - undefined value 0 Always write "0" to this bit 


WwW : Write only (read always returns "1") 
R/W : Readable and writable 


P| : Initial value 
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Table 10-3. Function Description of Each Bit of the Sub Clock Timer Control Register (SCTCR) 


pe Bitmame metion 


SCTIO to SCTI2: 
bit 0 - bit2 | Sub Clock Timer Interrupt 
interval select bits 


bit 4 SCTR: 
1 
Sub Clock Timer Reset bit 
SCTIF: 
bit 5 Sub Clock Timer Interrupt 
Flag 


SCTIE: 
bit 6 Sub Clock Timer Interrupt 
Enable bit 


10.4.2 


The Sub clock timer functions as an interval timer for generating interrupts at specified intervals and as a timer for waiting for 
the Sub oscillation to stabilize. 


Sub clock counter 


These bits control the Sub clock timer interrupt interval according to the following table: 
bit2 bit1 bito 


Sub Clock Timer Interrupt interval 
(The corresponding time for a Sub clock 
of 32.768kHz is given in parentheses) 


°/ CLKSC (31.25 ms) 
1/CLKSC (62.5 ms) 
27 CLKSC (125 ms) 
3/ GCLKSC (250 ms) 
47 CLKSC (500 ms) 
5/CLKSC (1s) 

8/ CLKSC (2s 
7/CLKSC (4s 


These bits are initialized to "000" by any reset. 

When data is written to these bits, bit 5 (SCTIF) should be cleared at the same time. 
Always write "0" to this bit. 

The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 


This bit clears all bits of the Sub clock counter. 
Writing "0" clears the Sub clock counter. 
Writing "1" has no effect. 

"{" is always read from this bit. 


Note: 


When clearing the Sub clock timer by writing "0" to this bit, also clear the Sub clock timer interrupt flag by writing 
"0" to the SCTIF bit. 

This is an interrupt request flag for the Sub clock timer. 

This bit is set to "1" for each interval specified with the SCTI[2:0] bits. 

When this bit is set to "1", an interrupt request is issued if the interrupt enable bit SCTIE is set to "1". 
This bit is cleared by writing "0" and by any reset. 

This bit should always be cleared when the Sub clock timer is reset 

Writing "1" has no effect. 

"{" is always read by a read-modify-write instruction. 

This bit is used to enable interval interrupts based on the Sub clock timer. 

Writing "1" to this bit enables interrupts and writing "0" disables interrupts. 

This bit is reset to "0" by any reset. 

Always write "0" to this bit. 

The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 


Operations of Sub Clock Timer 


The Sub clock counter consists of a 17-bit counter that is clocked with the Sub clock CLKSC. When the Sub clock is active, 
the Sub clock counter always keeps counting. 


The Sub clock counter is cleared when the Sub clock is stopped (transition to Stop mode or Sub clock disabled with CKSR: 
SCE bit and confirmed by the CKMR: SCM bit), by writing "0" to the SCTR bit of the SCTCR register, by a Power reset, an 
External reset and by a Sub clock stop detection reset. 
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Note: 


The Sub clock counter is cleared and stopped as long as the External reset is asserted. Hence the Sub clock stabilization 
time is delayed by RST and starts counting after deasserting the External reset. This behavior differs from the Main clock 
counter. 


Interval interrupt function 


Interrupts are generated at specified intervals according to the carry signals of the Sub clock counter. The SCTIF flag is set at 
the intervals specified with the SCTI[2:0] bits of the SCTCR register. The interval time starts when the Sub clock timer is 
cleared and starts counting. 


When the Sub clock is stopped (transition to Stop mode or Sub clock disabled with CKSR: SCE bit and confirmed by the 
CKMR: SCM bit), the Sub clock timer is used as a timer for waiting for the Sub oscillation to stabilize upon recovery. There- 
fore, the Sub clock counter is immediately cleared when the Sub clock is stopped. 
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This chapter explains the functions and operations of the Watchdog timer and reset. 
11.1 Outline of Watchdog Timer and Reset 


11.2 Watchdog Timer Control Registers 
11.3 Watchdog Timer Operation 


11.1. Outline of Watchdog Timer and Reset 


The watchdog circuit consists of a 23-bit watchdog counter, control registers and the watchdog reset controller. The 23-bit 
watchdog counter uses either the RC clock, the Main clock or the Sub clock as clock source. 


Watchdog circuit block diagram 


Figure 11-1 shows a block diagram of the watchdog circuit. 
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Figure 11-1. Watchdog circuit block diagram 


Watchdog counter 


BB rece este latraeiesed 


CLKRC Clock source 
CLKMC selector and 


CLKSC 


enable 


ae counter 
clock | reset 


IWVYVVVVVVVVVVVV* 


Watchdog timer reset 

System Clock 1 ready interval selector 
Reset occurrence 
SMCR: SMS 
CKFCR: RCFS 
CKSR: RCE, MCE, SCE 


internal 
reset 
generation 
circuit 


Watchdog reset 
controller 


Watchdog Timer Configuration register 
(WDTC) 


[Tes Frese [we ws [oe 
el as a 
ew eer we |v wr [ee 


Watchdog Timer Clear Pattern register 
(WDTCP) 


11.2 Watchdog Timer Control Registers 


This section lists the Watchdog Timer Control Registers and describes the function of each register in details. 


Watchdog Timer Control Registers 


The Watchdog Timer has two control registers, the Watchdog Timer Configuration register (WDTC) and the Watchdog Timer 
Clear Pattern register (WDTCP). Figure 11-2 shows an overview of the Watchdog Timer Control register. 


226 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


CED, 
Ws CYPRESS Watchdog Timer and Watchdog Reset 


S—_ EMBEDDED IN TOMORROW 


Figure 11-2. Watchdog Timer Control Registers 


Address: Initial value 
00040E,, [ieee eee al X0000000g WDTC: Watchdog Timer Configuration register 
Address: 14 11 Initial value 


00040F, XXXXXXXXg_ WDTCP: Watchdog Timer Clear Pattern register 


Viel Watchdog Timer Configuration register (WDTC) 

The Watchdog Timer Configuration register (WDTC) is used to select the clock source and the watchdog interval and to acti- 
vate some special functions of the Watchdog Timer. 

Configuration of the Watchdog Timer Configuration register (WDTC) 


Figure 11-3 shows the configuration of the Watchdog Timer Configuration register (WDTC) and Table 11-1 describes the 
function of each bit. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 227 


Watchdog Timer and Watchdog Reset 


Figure 11-3. Configuration of the Watchdog Timer Configuration Register (WDTC) 


X 
R/W 


Address: 
00040E, 


: undefined value 


r 6 5 4 8 2 1 0 
i foo seo 


R/W R/W R/W R/W RIW R/W R/W 


Initial value 
X0000000, 


a 


bit3 bit2 


Watchdog Timer Interval selection bits 


28 / CLKWT 


Si CYPRESS 
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(CLKWT is clock selected by 
WTCS[1:0] bits) 


29 / CLKWT 


97 CLKWT 


1/CLKWT 


27 CLKWT 


3/CLKWT 
47 CLKWT 


5 /CLKWT 


8 7 CLKWT 


77 CLKWT 


87 CLKWT 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


97 CLKWT 


220 7 CLKWT 


271 / CLKWT 


|=afa}fa}/af;falalalololololololo 


=falalalolololo;/=a/Aa;/AalAalololo 


a 


=laAlolol/Aa|lAalolo;/=a|/Aalolo;|Aa|lAalo 
=lol=a|lol/Aalol/A|lo;/=a|;lolAlo|Aalo|ja 


ne 


bits 


: 


bit4 


222 7 CLKWT 


223 / CLKWT 


WTCSO Watchdog Timer Clock Selection bits 
CLKWT = CLKRC (internal RC oscillation clock, 


RC clock frequency can be changed during 
Watchdog operation) 


CLKWT = CLKRC (internal RC oscillation clock, 
changing RC clock frequency during Watchdog 
operation causes Watchdog reset) 


CLKWT = CLKMC (Main oscillation clock) 


1 


bit7 


: Readable and writable 


[os] : Initial value 


RSTP Watchdog Reset at transition to Stop mode 


0 Always write "0" to this bit 


CLKWT = CLKSC (Sub oscillation clock) 


No Watchdog Reset asserted at transition to Stop mode 
Watchdog Reset asserted at transition to Stop mode 
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Watchdog Timer and Watchdog Reset 


Table 11-1. Function Description of Each Bit of the Watchdog Timer Configuration register (WDTC) (Sheet 1 of 2) 


Bitmame mts 


These bits select the Watchdog Timer Interval according to the following table: 


bit3 bit2 bit1 


oO 


bito 


Watchdog Timer Interval depending on selected clock source 


RC clock selected 
(corresponding time for 


nominal RC clock frequency 


of 2MHz/100kHz) 


28 / CLKRC (~128,1s/2.5ms) 


Main clock selected 
(corresponding time for 
Main clock frequency 
of 4MHz) 


28 / CLKMC (~64us) 


Sub clock selected 
(corresponding time for 
Sub clock frequency 
of 32.768kHz) 


28 / CLKSC (7.8ms) 


29 / CLKRC (~256y1s/5.1ms) 


29 / CLKMC (~128us) 


29 / CLKSC (15.6ms) 


210 7 CLKMC 
2'1/CLKMC 
2'2/ CLKMG 
2'3 / CLKMG 
2'4/ CLKMG 
2'5 / CLKMG 
2'6 / CLKMC 
2'7/ CLKMG 
2'8 / CLKMG 
219 / CLKMG 
220 } CLKMG 
221 / CLKMC 
222 / CLKMC (~1.049s 
223 | CLKMC (~2.097s 


210 / CLKSC (31.25ms) 
2"! / CLKSC (62.5ms) 
212 / CLKSC (125ms) 
213 / CLKSC (250ms) 
2'4 / CLKSC (500ms) 
215 / CLKSC (1s) 

216 / CLKSC (2s) 

2'7 / CLKSC (4s) 

2'8 / CLKSC (8s) 
219 / CLKSC (16s) 

20 / CLKSC (32s) 

2?! / CLKSC (64s) 
222 / CLKSC 
23 / CLKSC 


9/7 CLKRC 
1/CLKRC 
27 CLKRG 
3/ CLKRG 
47 CLKRC 
57 CLKRC 
8 / CLKRC 
77CLKRC 
8 / CLKRC 
97 CLKRC 
220 / CLKRG 
221 / CLKRC 
222 / CLKRC 
223 / CLKRC 


~512us/10.2ms 
~1ms/20.5ms) 
~2ms/41ms) 
~4ms/82ms) 
~8ms/164ms) 
~16ms/328ms) 
~32ms/655ms) 
~65ms/1.3s) 
~131ms/2.6s) 
~262ms/5.2s) 
~524ms/10.4s) 
~1.05s/21s) 
~2.1s/42s) 
~4,2s/84s) 


WTIO to WTI3: 


Watchdog Timer Inter- 
val select bits 


bit 0 - bit 
3 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


jae fefye yey ey eye lL Oy Oy Oy OoOy;yOolo 
jf/]ly]s/]Al/ol/ol/oysoJs;HfsJHyHayAalo;oso 
=j=fHeloso;HleHelosoy;H]yleyoy;o;A]-;-s;o 
=|=1/O}/])/0O;/]A=/0O}/];/0;/]=/0]};/+;/0;/-];/0]}/4+ 


These bits are initialized to "0000" by any reset. 


It is not possible to change the setting of these bits after activation of the Watchdog reset function (by first writing to 
the Watchdog Timer Clear Pattern register). Configuring these bits and activating the Watchdog reset function with 
one 16 bit write access however is possible. 


After a reset, these bits can be written again. 


These bits select the clock source for the Watchdog Timer according to the following table: 
bit4 bit3 


WTCSO Watchdog Timer Clock Selection bits 


CLKWT = CLKRC (internal RC oscillation clock, 
RC clock frequency can be changed during 
Watchdog operation) 


CLKWT = CLKRC (internal RC oscillation clock, 
changing RC clock frequency during Watchdog 
operation causes Watchdog reset) 


CLKWT = CLKMC (Main oscillation clock) 
CLKWT = CLKSC (Sub oscillation clock) 


. .. | WTCSO to WTCS1: 
bit 4 - bit 


5 Watchdog Timer Clock 
lecti i oar 

Seleonen DIS These bits are initialized to "00" by any reset. 
It is not possible to change the setting of these bits after activation of the Watchdog reset function (by first writing to 
the Watchdog Timer Clear Pattern register). Configuring these bits and activating the Watchdog reset function with 
one 16 bit write access however is possible. 
After a reset, these bits can be written again. 
Setting WTCS[1:0] to "00" selects the internal RC oscillator and it is possible to change the RC clock frequency (by 
writing to CKFCR: RCFS bit) after activation of the Watchdog reset function. Please note that changing the RC clock 
frequency also changes the Watchdog interval time. 
Setting WTCS[1:0] to "01" also selects the internal RC oscillator, but it is NOT allowed to change the RC clock fre- 
quency (by writing to CKFCR: RCFS bit) after activation of the Watchdog reset function. Changing the RC clock fre- 
quency in this case causes a Watchdog reset. 
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Table 11-1. Function Description of Each Bit of the Watchdog Timer Configuration register (WDTC) (Sheet 2 of 2) 


Bit name motion 


This bit is initialized to "0" by any reset. 

It is not possible to change the setting of this bit after activation of the Watchdog reset function (by first writing to the 

Watchdog Timer Clear Pattern register). Configuring this bit and activating the Watchdog reset function with one 16 bit 
RSTP: write access however is possible. 


Watchdog Reset at tran- After a reset, this bit can be written again. 
sition to Stop mode 


When this bit is set to "0", then transition to Stop mode is allowed 

When this bit is set to "1", then writing "11" to SMCR: SMS (Stop mode) causes a Watchdog reset. 
Set this bit to "1" only when the application is not using the Stop mode. 

Always write "0" to this bit. 

Reserved The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 


11.2.2 | Watchdog Timer Clear Pattern register (WDTCP) 


The Watchdog Timer Clear Pattern register (WDTCP) is used to activate the Watchdog reset function and to clear the Watch- 
dog counter. 


Configuration of the Watchdog Timer Clear Pattern register (WDTCP) 


Figure 11-4 shows the configuration of the Watchdog Timer Clear Pattern register (WDTCP) and Table 11-2 describes the 
function of the bits. 


Figure 11-4. Configuration of the Watchdog Timer Clear Pattern Register (WDTCP) 


Address: 1514 #13 11 10 =9 Initial value 


12 8 


w Ww Ww Ww W W W W 


xX : undefined value 
Ww : Write only (reading always returns ’0’) 


Table 11-2. Function Description of the Bits of the Watchdog Timer Clear Pattern register (WDTCP) 


The Watchdog reset function is activated by writing to this register. 
Once the Watchdog reset function is activated, it can only be disabled by reset (any type of reset). 


After writing to this register, it is no longer possible to change the contents of the Watchdog Timer Configuration reg- 
ister (WDTC). 
Depending on the value written to the WDTCP register at the first time after reset, the Watchdog Timer operates in 


one of the following Watchdog operation modes: 
WCPO to WCP7: 


bit 8 - bit 1. "Clear by 00h, assert reset for other values": Write 00h to WDTCP: 
15 Watchdog Clear Pattern In this mode, the Watchdog counter is cleared by writing 00h to the WDTCP register. Writing values other than 
bits 00h causes a Watchdog reset. 


2. "Clear by complementary data" Write any value except 00h to WDTCP: 
In this mode, the value written to the WDTCP register at the first time is memorized. Clearing the Watchdog 
counter is possible only by writing the complementary value what replaces the last register value. Writing the 
same value as before has no effect and writing other values causes a Watchdog reset. See the next chapter for 
more details. 


Reading this register always returns 00h. 
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11.3. Watchdog Timer Operation 


The Watchdog timer and reset function can be used to detect a hang-up of the user program. 


If the Watchdog counter is not cleared within the specified time due to, for example, a program hang-up, the Watchdog timer 
resets the system. 


11.3.1. Activation and Deactivation of Watchdog Timer 


The Watchdog Timer is activated by writing to the Watchdog Timer Clear Pattern register WDTCP. The data written to this 
register the first time after reset and the data written to the Watchdog Timer Configuration register WDTC at the same time or 
before determines the Watchdog function. 


Once the Watchdog Timer is activated it can only be deactivated by reset (any type of reset). 


11.3.2 | Clearing the Watchdog counter 


The Watchdog counter can only be cleared by writing the appropriate data to the WDTCP register. This data depends on the 
Watchdog operation mode. If the counter is not cleared before the interval selected by the WDTC: WTI[3:0] bits expires, then 
a Watchdog reset is asserted. 


11.3.3. Stopping the Watchdog counter 


The Watchdog counter can only be stopped (not cleared) when the MCU goes to Stop mode. 


Transition to Stop mode 


All oscillators are disabled in Stop mode, hence the Watchdog counter is also stopped (not cleared). 


Release of Stop mode 


Upon wakeup by interrupt, the watchdog counter starts running when the clock selected as source for the watchdog is stabi- 
lized and the CPU clock CLKB is reactivated (clock ready flags set of clocks selected by WDTC:WTCS[1:0] and 
CKSR:SC1S[1:0] select bit). 


Note: 


Do not use the Stop mode if the Watchdog must always be active. It is recommended to use the RC Timer mode instead as 
the mode with the smallest current consumption while disabling the Main and Sub oscillator and running the watchdog with 
the RC clock. Set WDTC: RSTP to "1" to force a Watchdog reset in case of an accidental transition to Stop mode. 


11.3.4 | Selecting the clock source for the Watchdog Counter 


The Watchdog counter can operate with the RC clock (CLKRC), the Main clock (CLKMC) or the Sub clock (CLKSC) as clock 
source. Select a clock source depending on the requirements of the system by setting the WDTC: WTCS[1:0] bits. After acti- 
vation of the Watchdog Timer it is not possible to change the clock source any more. 


When the RC clock should be used as clock source and the system requires changing the RC clock frequency during opera- 
tion, then set the WDTC: WTCS[1:0] bits to "00". Be aware that changing the RC clock frequency also changes the Watchdog 
Timer interval. 


When the RC clock should be used as clock source but changing the RC clock frequency during operation is not intended, 
then set the WDTC: WTCS[1:0] bits to "01". In case of an accidental change of the RC clock frequency, a Watchdog reset will 
be asserted. 


The Watchdog counter can only operate if the selected clock is stabilized (CKMR: RCM, MCM or SCM bit is 1’). During clock 
stabilization (after Stop mode release or when the Watchdog counter was enabled before stabilization of the clock source), 
the Watchdog counter is stopped. 
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Caution: 


The Watchdog counter can only operate if the selected clock is stabilized (CKMR: RCM, MCM or SCM bit is ’1’). During clock 
stabilization (after Stop mode release or when the Watchdog counter was enabled before stabilization of the clock source), 
the Watchdog counter is stopped. Make sure that the clock is stabilized, before using it for the Watchdog. 


11.3.5 Standby modes 


In Sleep and Timer mode the Watchdog Timer operates according to its configuration and is neither cleared nor stopped. In 
Stop mode the Watchdog Timer is stopped but not cleared. After Stop mode release, the Watchdog timer resumes operation 
when both, the Watchdog timer clock source and the clock source for CLKS1 are stabilized. 


11.3.6 Disabling the source oscillator 
Setting the clock enable bit (CKSR: RCE, MCE, SCE) of the oscillator used as clock source for the Watchdog counter to "0" 
(disable oscillator) causes a Watchdog reset. 


11.3.7. Setting the Watchdog Timer interval 


The Watchdog Timer interval can be selected with the WDTC: WT][3:0] bits. After activation of the Watchdog Timer it is not 
possible to change the interval any more. 


When using the RC oscillator as clock source, consider the frequency variation of this oscillator when calculating the interval 
length. The absolute times in Table 11-1 are based on the nominal oscillation frequency. Please see the datasheet for more 
details regarding the accuracy of the RC clock frequency. 


11.3.8 Selecting the operation mode of the Watchdog Timer 

The first write access to the WDTCP register after reset activates the Watchdog Timer and defines the operation mode. 
Depending on the data written to WDTCP at this first write access, one of the following two operation modes is selected: 
Clear by writing "00h" and assert Watchdog reset when writing other values 

This mode is selected by writing "00h" to the WDTCP register at the first write access after reset. 

In this mode, the Watchdog counter is cleared by writing "OOh" to the WDTCP register. Writing values other than "00h" causes 
a Watchdog reset. 

Clear by writing complementary data and assert Watchdog reset when writing invalid data 

This mode is selected by writing any value except "00h" to the WDTCP register at the first write access after reset. 

The data written at this first write access is stored in the WDTCP register. 

Writing the same data as currently stored in the WDTCP register has no effect. 


Writing the complementary data of the current WDTCP contents clears the Watchdog counter and replaces the current value 
in the WDTCP register. To clear the Watchdog Timer the next time, the write data must be complemented again every time 
(original data - complementary data - original data - complementary data...) 


Writing any data to the WDTCP register that differs from the current register contents or the complementary value causes a 
Watchdog reset. 


The following figure shows an example of the Watchdog Timer operation in this mode. 
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Figure 11-5. Watchdog Timer operation in complementary mode 


Watchdog 
reset 
(overflow) 
Watchdog selected Watchdog interval 
COUMtGE ) ip 20 ea SS a 
value 
0 
WDTCP contents: XX 55h AAh 55h XX 
Write value to WDTCP: 55h 55h AAh AAh 55h 55h 
(start (no (clear (no (clear (no 
counter) effect) counter) effect) counter) effect) 
Watchdog 
reset 
(illegal value written) 
Watchdog selected Watchdog interval y 
counter 
value 
0 
WDTCP contents: XX 33h CCh 33h XX 
A A A 
Write value to WDTCP: 33h CCh 33h CBh 
(start (clear (clear (illegal 
counter) counter) counter) value) 


11.3.9 | Watchdog Timer reset causes 


A Watchdog Timer reset can be asserted in the following cases: 

m= The Watchdog Timer was not cleared within the selected interval. 

mw Invalid data was written to the WDTCP register. 

m= 0’ was written to the enable bit of the clock which is used as source clock for the Watchdog Timer (CKSR: RCE, MCE or 
SCE). 

m The RC clock frequency was changed although WDTC:WTCS was set to "01". 
Transition to Stop mode was requested although WDTC:RSTP was set to ’1’. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 233 


Sm CYPRESS 


Watchdog Timer and Watchdog Reset Remme  EMBEDDED IN TOMORROW 


234 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


12. External Bus Interface 


Su CYPRESS 


“agg” «=: EMBEDDED IN TOMORROW" 


This chapter explains the functions and operations of the external bus interface. 
12.1 Outline of External Bus 


12.2 External bus configuration registers 

12.3 External Memory Access Control Signal Operation 
12.4 Notes on using the external bus 

12.5 External Boot Vector fetch 

12.6 Pin status in different MCU states 


12.1 Outline of External Bus 


The External Bus interface of the F°MC-16FX MCU provides various access methods and access areas. 


12.1.1 Features of the External Bus Interface 


This chapter summarizes the features of the External Bus Interface 


Features of the External Bus Interface 


16 data lines 

Up to 24 address lines (depending on the device) 

Multiplexed data/address lines 

Non-multiplexed address/data lines (available for devices with high pin-count) 
Up to 6 chip select signals, four of them programmable in memory area 

Wait state request 

External bus master possible 

Support for WRXL, WRXH protocol and for WRX, UBX, LBX protocol 

Timing programmable 


12.1.2 Terminology 
This chapter explains some basic terms of the External Bus Interface. 


Bus mode 


Bus mode means the mode for controlling the internal ROM operation and external access function. The bus mode depends 
on the EAE[5:0] and ERE bits of the External Bus Mode register (EBM). 


Access mode 
Access mode means the mode for controlling the external bus format. 


The data width of the external bus is specified by the BW-bit of the External Area Configuration registers (EACL[5:0)). 
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If supported by the device, it is possible to select between address/data multiplex and address/data non-multiplex by setting 
the NMS bit of the External Bus Mode register. This setting is valid for all external areas. 


External Boot Vector 


Devices with an external bus interface offer the possibility to fetch the Boot Vector (User program start address) and a mode 
byte from an external memory instead of using the internal data (Internal Vector mode). The mode byte which is read together 
with the Boot Vector is copied to the External Bus Mode register (EBM) and overwrites the initial setting. 


12.1.3 External bus areas 


Up to 6 external bus areas with dedicated Chip select signals can be configured independently. 


The 16MB address area can be divided into 6 external address areas with corresponding Chip select signals. 


External bus areas 


The 16MB address area of the F7MC-16FX MCU can be divided into 6 External bus areas with dedicated configuration regis- 
ters and Chip select signals. The address range of the external bus areas 0 and 1 is fixed, while the address range of the 
other areas can be programmed within the upper 15MB address space by using the External Area Select (EAS) Registers 
and the External Area Size Select bits in the External Area Configuration (EACH) registers. 


Memory access outside activated address areas does not show any activity on the I/O cells associated to the external bus 
interface. 


Table 12-1. Address range of external bus areas 


External area available address area corresponding default address area 
chip select 


h’00.00f0...h’00.00ff h’00.00f0...h’00.00ff (fixed) 
h’00.0c00...(RAM-Start - 1) h’00.0c00...(RAM-Start - 1) (fixed) 


External area 2 h’ 10.0000...h’3£.ffff (3MByte) 
External area 3 h’40.0000...h’7£.ffff (4MByte) 
External area 4 | h’10.0000...h’ff.ffff h’80.0000...h’bf.ffff (4MByte) 


External area 5 CS5 h’c0.0000...h’ ff. ffff 
(=4MByte incl. external Reset Vector) 


*) RAM-Start is the start address of the internal RAM (device dependent). Please see the Datasheet for RAM memory size 
and start address. 


The following chapter explains the external bus areas with their default address ranges. 
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12.1.4 Memory Space in Each Bus Mode 


Figure 12-1 shows the correspondence between the access areas and physical addresses for each bus mode. 


Memory Space in Each Bus Mode 


Figure 12-1. Relationship between Access Areas and Physical Addresses for Each Bus Mode 


Single chip Internal ROM, external ROM, 
external bus external bus 
ff.ffff = a _ 
ROM/Flash ROM/Flash external ROM 
(belongs to ext. area 2-5) 
external area 2-5 
e0.0000.__|_._.\___/__|__ x = | ee | 
external area 2-5 
de.0000 _ _ ol , —— —EEEEEee 
external area 2-5 
10.0000_ _ _ —————EE 
Boot-ROM Boot-ROM Boot-ROM 
Of,0000_ _ _ he See 
RAM RAM RAM 
01.0000 _ _ _ _ 
ROM/RAM-Miurror ROM/RAM-Mirror ROM/RAM-Mirror 
00.8000 _ _ yg 
00.x000 __ ciel {RAM fT | RAM | Ram-Start 
00.0c00 = external area 1 external area 1 
00.0100 Core/Peripheral _ Core/Peripheral ee Core/Peripheral 
00.00f0 =. _ external area 0 oo external area 0 : Internal 
: External 
Peripheral Peripheral Peripheral 
00.0000 — oe : No access 
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12.2 External bus configuration registers 


The external bus contains various registers to change the external bus configuration for a wide range of external bus proto- 
cols: 


External Bus Mode register (EBM) 

External Bus Clock and Function register (EBCF) 

External Bus Address output Enable register [2:0] (EBAE[2:0]) 
External Bus Control Signal register (EBCS) 

External Area [5:0] Configuration register (EACH/EACLJ[5:0]) 
External Area Select register [5:2] (EAS[5:2]) 


Arrangement of External bus configuration registers in memory 


Table 12-2. External bus registers 


-eact— 
Pacts 
oe 
ce 
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Overview of External bus configuration registers 


Figure 12-2. External bus configuration registers 


External Bus Mode register 


External Bus Interface 


15 14 13 12 11 10 9 8 
= R/W R/W R/W R/W R/W R/W R/W 


7 6 2) 4 3 2 1 0 EBM 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Bus Clock and Function register 
15 14 13 12 11 10 9 8 EBCF 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Bus Address output Enable register 0 
7 6 5 4 3 2 1 0 FBAFO 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Bus Address output Enable register 1 
15 14 13 12 11 10 9 8 EBARL 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Bus Address output Enable register 2 
7 6 5 4 3 2 1 0 FBAR2 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Bus Control Signal register EBCS 
EBCS 


Initial value 
X1000000 
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Figure 12-3. External bus configuration registers 


External Area Configuration register 0 (lower byte) 
EACLO 


7 6 5 4 3 2 I 0 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 


External Area Configuration register 0 (upper byte) 


15 14 13 12 bal 10 9 8 EACHO 
address: O006E1, oe al ATL CSL CSE a Ee Initial value 
XXO0O0XXX 
~ - R/W R/W - - - 


External Area Configuration register 1 (lower byte) 
EACLL 


7 6 5 4 3 2 ah 0 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 


External Area Configuration register 1 (upper byte) 


15 14 13 12 11 10 9 8 EACH1 
XXO00O0XXX 


External Area Configuration register 2 (lower byte) 
EACL2 


7 6 5 4 3 2 a 0 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 


External Area Configuration register 2 (upper byte) 


15 14 13 12 11 1 9 8 EACH2 
Xx000110 
- - R/W R/W R/W R/W R/W R/W 


External Area Configuration register 3 (lower byte) 
EACL3 


7 6 5 4 3 2 1 0 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 


External Area Configuration register 3 (upper byte) 


15 14 13 12 11 10 9 8 EACH3 
Xx000110 
= = R/W R/W R/W R/W R/W R/W 
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External Bus Interface 


Figure 12-4. External bus configuration registers 
External Area Configuration register 4 (lower byte) 
7 6 3 4 3 2 1 0 FACL4 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Area Configuration register 4 (upper byte) 
15 14 i Be 12 11 10 9 8 EACH4 
XX000110 
- 7 R/W R/W R/W R/W R/W R/W 
External Area Configuration register 5 (lower byte) 
7 6 5 4 3 2 1 0 EACL5 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External Area Configuration register 5 (upper byte) 
15 14 13 12 11 10 9 8 EACHS5 
XX000110 
- = R/W R/W R/W R/W R/W R/W 
External area select register EAS2 
7 6 3 4 3 2 1 0 EAS2 
00000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External area select register EAS3 
15 14 13 12 11 10 9 8 EAS3 
01000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External area select register EAS4 
7 6 5 4 3 2 1 0 EAS4 
10000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
External area select register EAS5 
15 14 13 12 11 10 9 8 EFAS5 
11000000 
R/W R/W R/W R/W R/W R/W R/W R/W 
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External Bus Mode registers (EBM) 


The External Bus Mode register defines the bus mode of the external bus interface. For the External Boot Vector fetch, the 
external bus mode byte is read externally from the address FFFFDFy and written to the register directly after reading the Boot 


Vector. 


Following settings can be done in the EBM register: 
activation of all external bus areas 


m= switching between internal ROM access and external access 


= = multiplexed/non-multiplexed external bus access mode 


External Bus Mode register 


Figure 12-5. External Bus Mode register (EBM) 


R/W 


Address: 7 6 


5 4 3 2 1 0 


R/W R/W R/W R/W R/W R/W R/W R/W 


1 
| 
| 
L 


1 
| 
| 

a 


1 
| 
| 

=o 


: Readable and writable 


* initial values 


11100000, after external Boot Vector fetch, MD[2:0] = 110 (except MB96(F)38x at external Boot Vector fetch in non-multiplexed bus mode) 
11010000 after external Boot Vector fetch, MD[2:0] = 110 (MB96(F)38x at external Boot Vector fetch in non-multiplexed bus mode only) 
0110000 Ogafter external Boot Vector fetch, MD[2:0] <> 110 


L | : Initial value (in internal vector mode) 


Initial value 
00000000,* 


bit5-bitO 


EAE[5-0] External area enable 


Corresponding external area is disabled 
Corresponding external area is enabled 
bit6 
ERE External ROM enable 
External ROM is disabled (internal ROM enabled) 


1 External ROM is enabled (external area must be enabled 
bit7 


NMS Non-multiplexed bus select 


Address/Data multiplexed 
1 Address/Data non-multiplexed 
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ss Bitname sd name 


bit [5:0] EAE[5:0]: 
h 
External area enable 


7 ERE: External ROM enable 
NMS: 

bit 7 
Non-multiplexed bus mode 


In External Vector mode, this register is configured by automatically reading the External bus mode byte (after reading the 
Boot Vector) externally from address FFFFDF,, and writing the data to the register (see Chapter 12.5 External Boot Vector 


fetch for more information). 


External Bus Interface 


The EAE (External Area Enable) bits are used to activate the External address areas 
‘0’ - the corresponding external address area is disabled. All other settings for this area have no effect. 


"1’ - the corresponding external address area is enabled. The setting of the corresponding EACH/EACL 
and EAS registers define the characteristics of the address area. Configure these registers before setting 
the EAE bit to '1’. 


External ROM can only be used if an external area is enabled accordingly. 
The initial value of EAE[5:0] bits is ’0’. 


Before the external Boot Vector fetch EAE[5] is set to 1’, (except MB96(F)38x for startup in non-multi- 
plexed bus mode where EAE[4] is set to ‘1’. 


After the Boot Vector fetch, the EBM register is overwritten by the externally read External bus mode 
byte. See also Chapter 12.5 External Boot Vector fetch. 

This bit selects if the internal ROM is accessed or an external access is performed for the address area 
of the internal ROM 

‘0’ - the internal ROM (Flash) is accessed (Internal ROM mode) 

"1’- the access is redirected to the external bus (External ROM mode) 


An external bus access is performed only if an external address area is activated with the EAE bit which 
includes the address of the current access. 


The initial value is ’0’. During external Boot Vector fetch, this bit is set to 1’. After the external Boot Vec- 
tor fetch, the EBM register is overwritten by the externally read External bus mode byte. See also Chap- 
ter 12.5 External Boot Vector fetch. 

This bit selects the non-multiplexed or multiplexed bus mode for all external areas. 

’0'- selects multiplexed bus mode for all external areas 

1’ - selects non-multiplexed bus mode for all external areas 

It depends on the device which modes are available. 


The initial value is ’0’. During external Boot Vector fetch, this bit is set according to the access mode 
selected by the mode pins MD[2:0]. After the Boot Vector fetch, the EBM register is overwritten by the 
externally read External bus mode byte. See also Chapter 12.5 External Boot Vector fetch. 


The External bus mode register can be rewritten by software at any time. 


If the MCU starts in Internal Vector mode, this register keeps its default values. 


12.2.2 


External Bus Clock and Function register (EBCF) 


The External Bus Clock and Function register controls the external bus clock, the External Ready and the Hold function: 


Hold-function 

External Ready function 
Clock output enable 
Clock active edge 
Clock output mode 
Clock divider 
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External Bus Clock and Function register 


Figure 12-6. External Bus Clock and Function register (EBCF) 


Address: 15 14 13 12 #11 #10 9 8 —_ Initial value 


R/W R/W R/W R/W RW RW RW R/W 


\ 1 1 1 1 
| I I apa Se Ar a 

I ee ede a  F 
| 


v vey 

bit10 bit9 bit8 

| External bus clock (ECLK) divider 
CLKB bypassed to ECLK 

1 CLKB is divided by 2 
0 CLKB is divided by 4 
1 CLKB is divided by 8 
0 CLKB is divided by 16 
1 

0 

1 


CLKB is divided by 32 


CLKB is divided by 64 


| 
| 
| 
| 
l 
I 
l 
I 
| 
I 
| 
I 
| 
| 
| 
| 
| 1 CLKB is divided by 128 
I 
l 
I 
l 
| 
| 
I 
| 
| 
| 
| 
| 
l 
I 


External bus clock suspend mode control 


External bus clock is always output 


External bus clock is only output during transfer 


External bus clock Invertion control 
external bus clock is not inverted 


external bus clock is inverted 


External bus clock output enable 


I/O port operation (clock output disabled) 
external bus clock output enabled 


External Ready function enable 


external Ready function disabled 


external Ready function enabled 


fo SS te ee ee 


Hold function enable 
Hold function disabled 


R/W : Readable and writable 
: Initial value 


Hold function enabled 


This register is not changed when the MCU starts in external vector mode. 


The External Bus function is not guaranteed when changing the clock configuration bits (EBCF:DIV) while in operation. See 
also CKFCR:BCD bits configuration in chapter Clock Frequency Control Register (CKFCR) on page 132. 
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Table 12-3. Function description of each bit of the External bus clock and Function register 


Bit name netion 


These bits control the clock divider for the external bus clock signal pin (ECLK). The reference clock is 
the CPU clock (CLKB) selected by Clock control registers. All operations of the external bus are based 
on the divided clock (ECLK) even if the output of this clock is not enabled. The clock divider can only be 
changed for all external areas in common. 


External bus clock (ECLK) divider setting 
a 
DIV[2:0]: 
bit[10: 8] External bus clock divider set- 


The initial value is 000’ (ECLK = CLKB) 

If the clock divider is set to another value than ‘bypassed’ the transfer on the external bus needs multiple 
system bus cycles. Therefore the system bus is stopped during external bus transfer. This means that all 
internal operations on the system bus (CPU, DMA) wait until the external bus access it completed. 

This bit controls the oscillation of the external bus clock (ECLK) on the corresponding pin. 

The initial value is ’0’. 

CSM = 0’: The external bus clock (ECLK) is always oscillating and output also in Hold state. 


CSM = ‘1’: The behavior depends on the setting of the EBCF:DIV[2:0] bits: 
CSM: - EBCF:DIV[2:0] "000": The external bus clock (ECLKk) is set to inactive level when the external bus is 
inactive (clock suspend mode). In Hold state, the ECLK pin is set to high-impedance. 
External bus clock suspend - EBCF:DIV[2:0] = "000": The external bus clock is also oscillating when no access to the external bus is 
mode done (no clock suspend mode available). However in Hold state, the ECLK pin is set to high-impedance 
as for the other settings of DIV[2:0]. 
See section 12.4 Notes on using the external bus for more details. 
The inactive level depends on the setting of CKI (External Clock Inverting Control bit). 


The setting of this bit influences only the output of the clock to the corresponding pin. 
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Table 12-3. Function description of each bit of the External bus clock and Function register 


This bit controls the active edge of the external bus clock. 
’0’ - the inactive level is ’0’ and the rising edge is the active edge. 


CKI: *1’- the inactive level is ’1’ and the falling edge is the active edge. 


External bus clock inverting ‘Tenia valle te 10s 


The output of the external bus clock to the CLK-pin depends also on the CKE and CSM bits. 

The setting of this bit influences only the output of the clock to the corresponding pin, but not the internal 
function. 

This bit controls the output of the external bus clock signal pin (CLK). 


’0’ - The external bus clock is not output to the corresponding pin. The CLK-pin is controlled by the corre- 
CKE: sponding DDR-register. 
ean bus clock output ‘1’ - The external bus clock is output to the corresponding pin. 

The initial value is ’0’. 

Do not enable the external bus clock before all other clock settings are completed. 

This bit enables the external ready function of the external bus. 

’0’ - external Ready function for all external areas is disabled. 


RYE: 1’ - external Ready function for all external areas is enabled. 


External Ready function ‘TeAnine) value: fe 0. 

enable The input of the corresponding pin for RDY is not enabled by setting this bit. This must be done by soft- 
ware in the Input enable register (PIER) and the Data direction register (DDR) by setting the correspond- 
ing PIER to ‘1’ and the DDR to ’0’. 


For a detailed description of the Ready function see chapter 12.3.3 Ready Function. 

This bit enables the Hold function of the external bus. 

‘0’ - Hold function is disabled. 

1’ - Hold function is enabled. 

The initial value is ’0’. 

Hold function enable If the Hold function is enabled, the output of Hold Acknowledge pin (HAK) is always enabled. The input of 


the corresponding pin of HRQ must be enabled by Software in the Input enable register (PIER) and Data 
direction register (DDR) by setting the corresponding PIER to ’1’ and the DDR to '0’. 


For a detailed description of Hold function see chapter 12.3.4 Hold Function. 


HDE: 
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12.2.3. External Bus Address output Enable registers (EBAE[2:0]) 


The External Bus Address output Enable registers controls the output function of each address line. 


External Bus Address output Enable register 
Figure 12-7. External Bus Address output Enable register EBAE[2:0] 


Address: 15 14 13 12 11°10 9 8 7 6 5 4 3 2 14 «0 Initial value 


O006F2,, (11411111 11111111 p after 


R/W R/W R/W RW RW RW RW RW ORW RW RW RW RW sR IW OR/WsR/W 
‘ ; external Boot Vector fetch) 


ae 
Cone (11111111 g after 


a Be NE a Bis ah aw external Boot Vector fetch) 


EBAE[2:0] 


A[23:00] External bus address output enable 


Address output disabled (I/O function) 


Address output enabled 


R/W : Readable and writable 


: Initial value (in internal vector mode) 


Bit name ction 


These bits enable the output function of the corresponding address line. 


In multiplexed external bus mode, EBAE[1:0] control the address output of the shared AD[15:00] 
address/data pins. In non-multiplexed external bus mode, these registers control the address output on 
A[23:00]: the exclusive address pins A[15:00]. 


bit [23:00] External bus address output ‘0’ - the corresponding address line is not output to the pin. Instead the I/O function of the pin is enabled 


or another resource can be used. 

’1’ - the corresponding address line is output to the pin during an external bus access. 
The initial value is ’0’, but changed to ‘1’ in external Boot Vector fetch. 

If the device is started in external vector mode, all address outputs are enabled. 


enable 


The output of the address is disabled by default, hence it must be enabled before the external bus can be used. If the MCU is 
started in external vector mode, the Boot-ROM program enables all address lines before reading the external Boot Vector. 


All pins used for address outputs must be enabled by the corresponding bit of the EBAE register. This includes shared 
address/data pins in the multiplexed external bus mode. 


The address output of all address and address/data pins is active only during an external bus access. The address is not 
driven in a pause between two external bus accesses. Hence during an access pause, the state of the address pins depend 
on the setting of the corresponding port function DDR and PDR registers. Depending on the setting of these bits, the address 
pin can be set to Hi-Z or driven to ’1’ or ’0’. Activating the internal pull-up resistor is also possible. 
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12.2.4 External Bus Control Signal register (EBCS) 


This register is used to configure control signals of the external bus: 

= Activation of Write strobe, Read strobe and Byte select outputs 

= Activation of the Address strobe output and selection of the active level 
External Bus Control Signal register 


Figure 12-8. External Bus Control Signal register (EBCS) 


Address: 1514 4 Initial value 


3 12 11 10 9 8 
“""" (X 1110000 after external Boot Vector fetch) 
- RW RW RW RW RW RW RW 


; bit8 
I/O port operation (byte select output disabled) 
byte select output enabled 


UBE Byte select UB output enable 


I/O port operation (byte select output disabled) 
byte select output enabled 


WRLE Write strobe WRL/WR output enable 


/O port operation (write strobe output disabled) 
write strobe output enabled 


. WRHE Write strobe WRH output enable 


I/O port operation (write strobe output disabled) 
write strobe output enabled 


Read strobe RD output enable 
/O port operation (read strobe output disabled) 


1 read strobe output enabled 


bit13 


Address Strobe ALE/AS output enable 
I/O port operation (address strobe output disabled) 
address strobe output enabled 


Address Strobe Level select 


0 Address strobe is Low-active (AS function) 
Address strobe is High-active (ALE function) 
bit15 


read value undefined 


R/W : Readable and writable —— 
xX : undefined value | sfalwayswrite'O write ’0 
- : undefined 


Lay : Initial value 
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Bit name 
LBE: 


Byte Select LB output enable 


UBE: 
Byte Select UB output enable 


WRLE: 


Write strobe WRL/WR output 
enable 


WRHE: 


Write strobe WRH output 
enable 


RDE: 


Read strobe RD output 
enable 


ASE: 


Address Strobe ALE/AS out- 
put enable 


ASL: 
Address Strobe Level select 


undefined 


External Bus Interface 


This bit enables the output of the LB byte select signal. 
’0’ - output of the LB byte select signal is disabled (I/O port function enabled) 
1’ - output of the LB byte select signal is enabled. 


The initial value is ’0’. Hence it is not possible to use LB controlled external devices for reading the reset 
vector. 


For LBE ='1’, the LB pin is forced to OUTPUT, independent of the corresponding bit in the Data Direction 
Register (DDR). 

This bit enables the output of the UB byte select signal. 

‘0’ - output of the UB byte select signal is disabled (I/O port function enabled) 

1’ - output of the UB byte select signal is enabled. 


The initial value is ’0’. Hence it is not possible to use UB controlled external devices for reading the reset 
vector. 


For UBE ='1’, the UB pin is forced to OUTPUT, independent of the corresponding bit in the Data Direc- 
tion Register (DDR). 

This bit enables the output of the WRL/WR write strobe signal. 

’0’ - output of the WRL/WR write strobe signal is disabled (I/O port function enabled). 

1’ - output of the WRL/WR write strobe signal is enabled. 

The initial value is ’0’. 

For WRLE ='1’, the WRL/WR pin is forced to OUTPUT, independent of the corresponding bit in the Data 
Direction Register (DDR). 

This bit enables the output of the WRH write strobe signal. 

‘0’ - output of the WRH write strobe signal is disabled (I/O port function enabled). 

1’ - output of the WRH write strobe signal is enabled. 

The initial value is ’0’. 

For WRHE ='1’, the WRH pin is forced to OUTPUT, independent of the corresponding bit in the Data 
Direction Register (DDR). 

This bit enables the output of the RD read strobe signal. 

’0’ - output of the RD read strobe signal is disabled (I/O port function enabled). 

1’ - output of the RD read strobe signal is enabled. 

The initial value is ’0’, but changed to ‘1’ in external Boot Vector fetch. 

For RDE ='1’, the RD pin is forced to OUTPUT, independent of the corresponding bit in the Data Direc- 
tion Register (DDR). 

This bit enables the output of the ALE/AS address strobe signal. 

’0’ - output of the ALE/AS address strobe signal is disabled (I/O port function enabled). 

1’ - output of the ALE/AS address strobe signal is enabled. 

The initial value is ’0’, but changed to '1’ in external Boot Vector fetch mode. 


For ASE ='1’, the ALE/AS pin is forced to OUTPUT, independent of the corresponding bit in the Data 
Direction Register (DDR). 


This bit selects the active level of the address strobe signal. 


0’ - active level is ’L’, inactive level is ’H’ (AS function). 
1’ - active level is ’H’, inactive level is ’L’ (ALE function). 
The initial value is °1’. 

Read value is undefined. 

Always write ’0’ to this bit. 

RMW operations are not affected. 
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12.2.5 External Area Configuration registers (EACH/EACL[5:0]) 


The External Area Configuration registers are used to configure the following settings for each external area: 
Automatic ready function 

Address cycle length 

Strobe signal timing 

Write strobe function 

Little/big endian data format 

External bus data width 

External area size select 

Chip select output enable 

Chip select level select 


Access type limitation (code read from external area can be prohibited) 
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External Area Configuration Register (lower byte) EACL[5:0] 
Figure 12-9. External Area Configuration register (lower byte) EACL[5:0] 


Address: 


OOUGES 7 6 Initial value 


5 4 3 2 1 0 
get [=[=[e[~[=[=[=[e] "299000 
OO06E8),, 
OOO6EA, RW RW RW RW RW RW RW RW 


} 
| 
} 
bit2 bit1 bitO 


Automatic ready function 
Automatic ready function disabled 


Automatic wait of 1 cycle 


Automatic wait of 2 cycle 


Automatic wait of 3 cycle 


Automatic wait of 4 cycle 


Automatic wait of 8 cycle 


Automatic wait of 16 cycle 


t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
| 
I 
I 
| Automatic wait of 32 cycle 
I 

I 


Address cycle extension 


Address cycle is not extended 
1 Address cycle is extended by one external bus cycle 


bit4 


Strobe timing select 
Strobe timing scheme 0 is selected 


Strobe timing scheme 1 is selected 


Write Strobe Function of WRL/WR pin 
WRL write strobe (not active for write to only upper byte) 


WR write strobe (active for any write access) 


Endian select (16-bit external bus data width only) 


little endian data format 


big endian data format 


External bus data width 
16-bit external bus data width 
8-bit external bus data width 


R/W : Readable and writable 
: Initial value 


* Initial value 


0000001 1.8 for EACL[5] after external Boot Vector fetch in 16 bit mode 


10000011 8 for EACL[5] after external Boot Vector fetch in 8 bit mode (except MB96(F)38x at start up in non-multiplexed bus mode) 
1000001 1.8 for EACL[4] after external Boot Vector fetch in non-multiplexed bus mode on MB96(F)38x 
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po Bitmame motion 


* These bits enable the automatic ready function and select the number of wait cycles for the External 
area. 
bit2 bit1 bitO 
Automatic ready function disabled 
Automatic wait of 1 cycle 
; R[2:0]: Automatic wait of 2 cycle 
be) automatic ready function Automatic wait of 3 cycle 
Automatic wait of 4 cycle 
Automatic wait of 8 cycle 
Automatic wait of 16 cycle 
Automatic wait of 32 cycle 
The initial value is 000’. R[2:0] of EACR[5] however are changed to 011’ by the Boot ROM program in 
case of an external Boot Vector fetch,except om MB96(F)38x at external Boot Vector fetch in non-multi- 
plexed bus mode where R[2:0] of EACR[4] is set to 011’. 


This bit selects the length of the address cycle in multiplexed external bus mode. 
’0’ - Standard address cycle timing. 
bit 3 ACE: ‘1’- The address cycle is extended by one external bus clock cycle. 
Address cycle extension The initial value is ’0’. 
The setting of this bit has no effect in non-multiplexed external bus mode. 
See timing diagrams in Section 12.3 External Memory Access Control Signal Operation for more details. 


This bit selects the timing of the address and write strobe signals to adjust the signal timing for different 
external devices. 
; STS: 5 ae ‘ 
bit 4 Strobe timi leat The initial value is ’0’. 
robe timing selec’ 
9 See timing diagrams in Section 12.3 External Memory Access Control Signal Operation for more details 


regarding the two timings. 


This bit selects the Write strobe function of the WRL/WR pin for the corresponding external area. 
‘0’- WRL function activated: The signal is not activated during a write access to the upper byte. Use this 
WSF: setting for external devices with separate write strobe inputs for the upper and lower bytes (WRH/WRL 
bit 5 Write Strobe function of WRL/ controlled). 


WR pin '1’- WR function activated: The signal is activated during any write access. Use this setting for external 
devices with common write enable input for upper and lower bytes (UB/LB controlled). 


The initial value is ’0’. 


This bit selects the data format in 16-bit mode for the address area indicated by the corresponding chip 
select signal 
ES: 0’ - little endian 
bit 6 . ae ; 
endian select 1’ - big endian 
The initial value is ’0’. 
see Table 12-4 for details 


This bit selects the data width of the external bus for the corresponding address area. 
0’ - 16-bit data width selected. 
1’ - 8-bit data width selected. 


The initial value is ‘0’. BW of EACR[5] however is changed to ’1’ by the Boot ROM program in case of an 
8 bit wide external reset vector fetch, except om MB96(F)38x at ext. Boot Vector fetch in non-multiplexed 
bus mode where BW of EACR{[4] is set to ’1’. 


BW: 
external bus data width 
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The following table describes the effect of the endian selection for different external bus formats: 


Table 12-4. Endian selection 


access width | selected bus sequence on external bus 


oo intesnall, | sidi ofthe little endian (ES = ’0’) big endian (ES = °1’) 


internal external internal external 
bus bus bus bus 


D15 AD15 D15 AD15 
BB l¢—>»! BB BB 


AA tq¢—p AA AA 


WRH and WRL are both activated during any write access. 
UB and LB are both activated during any write and read access. 
The address is always even (A00 = ’0’) 


internal external 
bus bus 


D15 
BB 


AA or 


The internal 16 bit access is split into two 8 bit accesses: 

1. Transfer AA: External address equals to internal address (A00= '0’) 
2. Transfer BB: External address incremented by 1 (A00= ’1’) 

WRL is activated during any write access, WRH is fixed to 1’. 

LB is activated during any write and read access, UB is fixed to "1’. 
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Table 12-4. Endian selection 


access width | selected bus sequence on external bus 
De aia aie ee little endian (ES = ’0’) big endian (ES = ’1’) 
bus external bus 


internal external internal external 
bus bus bus bus 


D15 AD15 D15 AD15 

A00 ='0° WRH = 1 A00 = '0’ AA WRH = active 
(even UB ="1 ’ (even a UB = active 

address) WRL = active address) WRL = ‘1 


LB = i ='1' 
Doo aboo  ”° Doo apoo’= ' 


16-bit 


D15 AD15__ D15 AD15___ 
A00 ='1’ WRH = active | AQ ='1’ WRH ='1’ 


(odd UB = active (odd UB ='1’ 
address) WRL = ‘1’ address) BB WRL = active 


D00 L__} apoo Lee" Doo |_| ADoo® = active 


WRH and UB are used when data is accessed at the external bus data pins AD[15:08]. 
WRL and LB are used when data is accessed at the external bus data pins AD[07:00]. 


internal external 
bus bus 
D15 
A00 = ’0’ 
(even 
address) 


WAH = "1 
UB = "1" 
WRL = active 
LB = active 


WRL is activated during any write access, WRH is fixed to 1’. 
LB is activated during any write and read access, UB is fixed to '1’. 


+ The endian selection affects the data ports AD[15:00] of the external bus, the write strobe signals WRH/WRL and the byte select signals UB/LB. 


* The endian selection does NOT affect other signals as for example the address. In multiplexed bus mode, only the data cycle of the address/data pins is 
affected. 


m For WSF =’1’, The WRL/WR pin changes its function to WR (asserted to ’0’ when either WRL or WRH is asserted). 
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External Area Configuration Register (upper byte) EACH[5:0] 
Figure 12-10. External Area Configuration register (upper byte) EACH[5:0] 


Address: 
OOUGESt 15 14 13 12 11 #10 9 8 initial value 
sosee CT Tele [a flea] xx0001 06 
OOO6E9,, 
OOO6EBY - = RW RW RW RW RW RW 
ye ee ee ee ee ee eee ; 
I I fo SEAS tase 4 I 
oo + vwsey 
biti0 —_—bit9 bits 
| | External Area Size 
64 KByte, EAS A[7:0] bits are valid 
| 128 KByte, EAS A[7:1] bits are valid 
256 KByte, EAS A[7:2] bits are valid 
| f 512 KByte, EAS A[7:3] bits are valid 
| | 1 MByte, EAS A[7:4] bits are valid 
2 MByte, EAS A[7:5] bits are valid 
| | 4 MByte, EAS A[7:6] bits are valid 
8 MByte, EAS AJ7] bit is valid 
I 
\ : seas sisi ce a SI de Chip Select output Enable 
! 
| 
bit12 
atener peas, ea et es Chip Select Level select 
Chip select is Low-active 
Chip select is High-active 
bit13 
ialalehaeetel aaa 
Code and data read possible 
bit[15:14 
& aa Se - undefined 
X : undefined value always write ’0’ 
- : undefined 
: Initial value 
* Initial value 
XX0011 10.8 for EACH[5] after external Boot Vector fetch (except MB96(F)38x at start up in non-multiplexed bus mode 
XX0011 11, for EACH[4] after external Boot Vector fetch on MB96(F)38x at start up in non-multiplexed bus mode only 


Note: Bits 8 to 10 for Extra Area Size are not defined for EACHO and EACH1 registers. 
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Bitmame motion 


soe EASZ[2:0]: 
it[10: 
External Area Size 


. CSE: 
bit 11 . 
Chip Select output enable 
. CSL: 
bit 12 : 
Chip Select level select 


ATL: 
Access Type Limitation 


bit 14 - bit 15 | undefined 


12.2.6 


+ These bits are used to define the size of the External area. The setting defines which bits of the corre- 


sponding External Area Select register (EAS) are used for the address comparison. 


bit10 bit9 bit8 

External Area Size 
64 KByte, EAS A[7:0] bits are valid 
128 KByte, EAS A[7:1] bits are valid 
256 KByte, EAS A[7:2] bits are valid 
512 KByte, EAS A[7:3] bits are valid 
1 MByte, EAS A[7:4] bits are valid 
2 MByte, EAS A[7:5] bits are valid 
4 MByte, EAS A[7:6] bits are valid 
8 MByte, EAS AI7] bit is valid 


The initial value is ’110’. This means only the upper two bits of corresponding EAS register are evaluated 
and the size of the External area is 4 MByte. 


These bits exist only for the External Area Configuration registers EACH[5:2]. The address size of the 
External areas 0 and 1 is fixed. 


EASZ[2:0] is set to '111’ (8 MByte) at external Boot Vector fetch in non-multiplexed bus mode on 
MB96(F)38x. 
This bit enables the output of the corresponding Chip select signal. 
‘0’ - Chip select output disabled (I/O port function enabled). 
1’ - Chip select output enabled. 
The initial value is 0’. CSE of EACR[5] however is changed to ’1’ by the Boot ROM program in case of 
an external Boot Vector fetch, except at start up in non-multiplexed bus mode on MB96(F)38x where 
CSE of EACR{[4] is set to ’1’. 

This bit selects the active level of the corresponding Chip select signal. 

+ '0’- active level is ’L’, inactive level is 'H’. 

*  "1’- active level is ’H’, inactive level is ’L’. 

* The corresponding Chip select signal CSx has active level, if the corresponding address area is enabled 


and an access to this area occurs. If the address is inside the internal ROM/Flash area and an external 
bus access shall be initiated, also the external ROM enable bit must be set in the EBM register. 


The initial value is ’0’. 
This bit selects if code read is possible from the External area. 
*  ’0’- Code read is permitted. 
‘1’ - Code read is not possible. A read access returns an undefined instruction exception. 
Data reading from the External area is always possible. 
After setting this bit to ‘1’, it is not possible to write it back to ’0. It can only be cleared by reset. 
The initial value is ’0’. 
The read value of these bits is undefined. 
Always write ’0’ to these bits. 
RMW operations are no affected. 


External Area Select register (EAS[5:2]) 


The external bus interface supports two types of External address areas: 
m Areas with fixed address range (External areas 0 and 1) 
m Areas with selectable address range (External areas 2 to 5) 


Overview 


The external bus interface supports two types of address areas: 
m Fixed address range (External areas 0 and 1): 
a External area 0 is fixed to address range 00.00f0,,...00.00ffy. 
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a External area 1 is fixed to address range 00.0c00,...RAM-Start. 
The RAM-Start depends on device configuration and may be different for various devices of the same series. It cannot be 
changed by the Software. 
The RAM-Start address on EVA-Devices can be configured and depends on the emulated device. 
m Programmable address range (External areas 2 to 5): 


a The External Address Select register EAS for each area defines the upper 8 address bits of the corresponding exter- 
nal area, allowing addresses within 64 KB to be specified. 


a The EASZ[2:0] bits of the corresponding External Area Configuration register EACH[5:2] define how many bits of the 
EAS register are used for the address comparison. Hence External areas from 64 KByte to 8 MByte can be selected. 


a The address area below 10:0000,, however cannot be selected. 


External Area Select Register EAS[5:2] 
Figure 12-11. External Area Select registers (EAS[5:2]) 


External area select register EAS[5:2] 


address: EAS2: O006EC, 15/7, 14/6 «6913/5 12/4 11/3, 10/2 9/ EAS [5:2] 


EAS3: OOO6ED 
1 EE T= (ste [ste [ate fitied vale 
EASS: OOO 6EF, kk KK KK KK 


These registers are used to set the address decode area for the External areas 2-5. They specify the upper 8 bits of the 
address value, allowing an address within 64kB to be specified. 


Disable the corresponding External area in the External Bus Mode register (EBM) when changing the EAS register to avoid 
malfunction. 


Initial values of EAS[5:2] 


The EAS[5:2] registers have different initial values. The initial values divide the memory area above address 10.0000, in 4 


sections. The external area 5 and the corresponding Chip select CS5 is used during external reset vector fetch, except on 
MB96(F)38x at external Boot Vector fetch in non-multiplexed bus mode, where external area 4 and CS4 are used. The value 
of EAS[5:2] can be changed by Software at any time. 


Table 12-5. Initial values of EAS[5:2] 
External Initial value of Default Memory area Chip select 
area EAS register signal 
External | EAS2= 00, 
h'10.0000...h’3f.ffff (3MByte) cs2 
Area 2 (EACH2: EASZ = "110") 
External | EAS3= 40, 
h’40.0000...h'7#.ffff (4MByte) cs3 
Area 3 (EACH3: EASZ = "110") 


External |MB96(F)38x at external Boot 
Area 4 Vector fetch in non-multi- 


: h’80.0000...h’ff.ffff (8MByte incl. external 
plexed bus mode: Reset vector) 


EAS4= 80, 

(EACH4: EASZ = "111") 

all other devices and modes: 

EAS4= 804 h’80.0000...h’bf.ffff (4MByte) 
(EACH4: EASZ = "110") 


External EAS5= C04 h’c0.0000...h’ff.ffff 
Area 5 (EACHS: EASZ = "110") (=4MByte incl. external Reset vector) 
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Operation of the External address area selection 


When the CPU accesses program or data, an external bus access is performed if a match between the upper 8 bits of an 
address and any EAS[5:2] setting is detected (the corresponding External area must be activated in the EBM register). 
Depending on the setting of the corresponding EASZ[2:0] bits of the EACH register, a certain number of LSB bits of the EAS 
register is ignored, and decoding becomes possible for an area from 64 KB to 8 MB. 


Examples: 


EAS2= FOy 

EACH2: EASZ = "000" 

- not decoded banks: 00...EF, F1-FF 
- decoded banks: FO 


EAS2= FOy 

EACH2: EASZ = "001" 

- not decoded banks: 00...EF, F2-FF 
- decoded banks: FO, F1 


EAS2= 174 

EACH2: EASZ = "000" 

- not decoded banks: 00...16, 18-FF 
- decoded banks: 17 


EAS2= 004 

EACH2: EASZ = "110" 

- not decoded banks: 40...FF 

- decoded banks: 00...3F 
00...0F: no access possible because not selectable for external area 2-5. 
10...3F: access possible 


If an address inside the possible address range of the external bus is accessed but the address is not within the area of an 
activated external bus area, then the access has no effect (a read access returns ’0’ and a write access is ignored). 


The address ranges of the external areas 2 to 5 should not overlap. If an address is included in the access range of more than 
one active external area, then the configuration of the external area with the lowest number has priority. The settings of the 
other EACL registers are not used. 


The chip select signals of all areas which match with the current access are output (if enabled). 
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12.3. External Memory Access Control Signal Operation 


This chapter describes the control signals during external bus operations. 


12.3.1. Multiplexed external bus mode 


All timing charts are shown with following settings 


m CSx active level is ’L’: EACHx:CSL=’0’ 
m all address outputs are enabled: EBAE:A[23:00]='11...11’ 
m The inactive level of the external clock is 0’: EBCF: CKI = ’0’ 


The following timing diagrams show the effects of the following settings: 


m Figure 12-12 shows a standard multiplex access in 16 bit external bus mode. 
Figure 12-13 and Figure 12-15 show the effect of the Strobe Time Select bit (EACL:STS). 


Figure 12-16 shows a standard multiplex access in 8 bit external bus mode. 
Figure 12-17 shows the effect of the automatic ready function (one wait cycle inserted). 


Timing charts for multiplexed bus modes 
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External Bus Interface 


Figure 12-12. Multiplexed 16-bit bus: Word and Byte access for EACL:STS='0’ and EACL:ACE=’0’ 
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Figure 12-13. Multiplexed 16-bit bus: Word and Byte access for EACL:STS='1’ and EACL:ACE=’0’ 
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Figure 12-14. Multiplexed 16-bit bus: Word and Byte access for EACL:STS='0’ and EACL:ACE='1’ 
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Figure 12-15. Multiplexed 16-bit bus: Word and Byte access for EACL:STS='1’ and EACL:ACE='1’ 
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Figure 12-16. Multiplexed 8-bit bus: Word and Byte access for EACL:STS=’0’ and EACL:ACE=’0’ 


Figure 12-17. Multiplexed 16-bit bus: One automatic ready wait cycle added (EACL:R[2:0]='001’, EACL:STS=’0’, 
EACL:ACE=’0)’ 
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12.3.2 | Non-multiplexed external bus mode 


All timing charts are shown with following settings 


CSx active level is ’L’: EACHx:CSL=’0’ 
all address outputs are enabled: EBAE:A[23:00]='11...11’ 


mg The inactive level of the external clock is ‘0’: EBCF: CKI = ’0’ 


The following timing diagrams show the effects of the following settings: 


Figure 12-18 shows a standard non-multiplex access in 16 bit external bus mode. 
Figure 12-19 shows the effect of the Strobe Time Select bit (EACL:STS). 

Figure 12-20 shows a standard non-multiplex access in 8 bit external bus mode. 
Figure 12-21 shows the effect of the automatic ready function (one wait cycle inserted). 


Timing charts for non-multiplexed bus mode 
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Figure 12-18. Non-multiplexed 16-bit bus: Word and Byte access for EACL:STS='0" 
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Figure 12-19. Non-multiplexed 16-bit bus: Word and Byte access for EACL:STS='1’ 
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Figure 12-20. Non-multiplexed 8-bit bus: Word and Byte access for EACL:STS='0’ and EACL:ACE=’0’ 
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Figure 12-21. Non-multiplexed 16-bit bus: One automatic ready wait cycle added (EACL:R[2:0]='001’, EACL:STS='0’, 
EACL:ACE='0)’ 
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12.3.3. Ready Function 
Enabling the external ready function (RDY-pin) and/or the automatic wait function enables access to low-speed memory and 


peripheral circuits. 


12.3.3.1 | Ready Function 


The read and write access to an external device can be extended with the ready function. The F°MC-16FX MCU offers two 
possibilities to extend the data cycle of the external access, the automatic ready function and the external ready function. 


Stopping the external bus by the ready function also stops the internal system bus until the external bus operation is finished. 


Automatic ready function 


The automatic ready function inserts 1 to 32 wait cycles to extend the data cycle without an external circuit. The number of 
inserted wait cycles can be selected by the EACL:R[2:0] bits separately for each external area. See Figure 12-17 and 
Figure 12-21 for timing diagrams showing the effect of the automatic ready function. 

External ready function 


The external ready function can be used after setting the RYE bit of the EBCF register to 1’ and activating the RDY pin input 
function with the corresponding input enable register PIER. 


The input signal of the RDY input pin is sampled at the beginning of the last cycle of the external bus access. For RDY=’0’, 
the data cycle is extended until RDY is set back to ’1’. 


The external ready function can be used together with the automatic ready function. In this case, the value of the RDY pin is 
also read at the beginning of the last external bus cycle, means after the automatic wait cycles are expired. 


Figure 12-22 and Figure 12-23 show timing diagrams of the external ready function. 
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Figure 12-22. Multiplexed 16-bit bus: Data cycle extended by external ready function 
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Figure 12-23. Non-multiplexed 16-bit bus: Data cycle extended by automatic and external ready function 
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12.3.4 Hold Function 


The Hold function is used if multiple devices are used to access the same external bus. The Hold function is enabled by set- 
ting the HDE-bit in the External Bus Clock and Function register (EBCF) to ’1’. Inputting a ’1’ at the HRQ input pin then forces 
the pins of the external bus to Hi-Z state after a currently performed external bus access is completed. The Hi-Z state allows 
another device to access the external bus. The Hold state is indicated by the HAK pin. 


12.3.4.1 Hold Function 


The Hold function is needed if multiple device are connected to the same external bus and more than one of this devices shall 
access the bus as a master. In this case the outputs of all other master devices must be disabled and the pin state of their 
external bus pins must be changed to high impedance. 


The bus request from another master device is indicated by a high level at the HRQ input pin (Hold request). Then all neces- 
sary external bus pins are set to Hi-Z and the HAK-pin is set to ’0’ to allow the other master device to start its external bus 
access. The Hold function must be enabled by setting the EBCF:HDE bit to ’1’ before. 


If a Hold request occurs while an external bus operation is in process, then this operation is completed before the Hold state 
is entered and the HAK-pin is set to 0’. In case of a 16 bit access in 8 bit external bus mode (which is split into two accesses), 
both accesses must be completed. 


The internal operation of the MCU can continue in Hold state as long as the MCU does not try to start an external access. 


If the MCU tries to access the external bus in Hold state (by CPU or DMA), then the internal system bus is stopped until the 
HRQ-pin is released (’0’). No internal bus operation can be performed until the Hold state is released. 


In Hold state (HAK-pin outputs ’0’), the following pins are placed in high-impedance state (when they are used as External 
bus output or External bus bidirectional signal): 

m Address output: 

a A23 to A16 in multiplexed and non-multiplexed mode. 

q A115 to AO0 in non-multiplexed mode (in multiplexed mode, these pins are not used). 

m Address/Data I/O: 

q AD15 to ADOO in any mode. 

m Bus control signal: 

o Byte select signals: LB, UB 

oq Chip select signals: CS[5:0]. 


The bus clock ECLK is set to Hi-Z in Hold state only for EBCF:CSM=’1’ (clock suspend mode). 


The corresponding Data Direction Register (DDR) must be set to ’0’ (input) and all other resources mapped to the same pin 
must be disabled to achieve the high-impedance state. 


Internal or external pull-up or pull-down resistors can be used to avoid floating control signals if some pins are not driven by 
the other master. It is possible to drive selected pins to ’1’ or ’0’ in Hold state by setting the corresponding DDR register to 
"output" and writing the required pin level to the PDR register. 


The Hold state is left by setting the HRQ-pin back to ’0’. Then the HAK-pin outputs high-level, and all other output pins restore 
the values which they were driving before the Hold state. 


12.3.4.2 Hold request during Standby-Mode 


The Hold-Request is accepted in all Stand-by modes (Sleep, Timer and Stop mode). The hold request input signal HRQ 
asynchronously forces the external bus pins to Hi-Z (input signal is not sampled with ECLK as in Run mode for synchronous 
operation). 


12.3.4.3 Watchdog timer 


Note that the Hold function can stop the internal operation of the MCU if the CPU or DMA tries to access the external bus. No 
software routine for clearing the Watchdog timer can be executed in this situation. 
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12.3.4.4 
Figure 12-24 shows the timing of the Hold function. 


Timing diagram 


Figure 12-24. Hold request in multiplexed 16-bit bus mode 
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12.4 Notes on using the external bus 


The handling of pins for the external bus is the same as for all other resources. This chapter describes how to set up the nec- 
essary pin to use the external bus interface. 
Setup of input pins 


If the Hold function or/and the external Ready function are used, the corresponding input pins (HRQ and RDY) must be set to 
input in the corresponding DDR (Data direction register) and PIER (Input enable register). The bits EBCF:HDE and 
EBCF:RYE only enable the corresponding function in the external bus module but not the input of the corresponding pin. 


The output function of other resources connected to these pins must be disabled. 


Setup of output pins 


The output function of the data pins (data cycle of the AD[15:08] and AD[07:00] pins) is automatically enabled depending on 
the selected bus mode (8 or 16 bit data width). 


The output of address signals must be enabled in the External Bus Address output Enable registers (EBAE[2:0]) for all 
address pins in all modes. The address is only driven to the pin during an external bus access. Hence the pin state of the 
address pins in a pause between two external bus accesses depends on the setting of the corresponding DDR and PDR reg- 
isters. 


All control signals (ALE/AS, RD, WRL/WR, WRH, LB, UB, CS[5:0] and the clock ECLK are enabled with its dedicated output 
enable signals. The HAK output function is enabled with the EBCF:HDE bit. 


If the output of these control signals is enabled in the corresponding bit, then the value of the DDR of these pins is ignored 
unless the external bus is in Hold-state. For setting the external bus pin to Hi-Z in Hold state, the DDR must be set to ’0’ 


(input). 

Another resource connected to a used external bus output pin must always be disabled. 

All output pins not used for the external bus function can be used as port I/O or for another resource function connected to the 
same pin. 

In-/output pins 

The AD[15:00] pins are used for reading and writing data and for address output in multiplexed modes. 


The input function of the used pins (depending on 8-bit or 16-bit external bus mode) must be enabled in the corresponding 
Input enable register (PIER) by setting these bits to ‘1’. The corresponding bits of the Data Direction register (DDR) must be 
set to Input and the output function of other resources connected to these pins must be disabled. 

Summary of all external bus pins and its setting 


The following table shows all external bus pins and their state depending on the current operation mode of the external bus 
interface. 


A description of the used terms can be found below the table. 
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Table 12-6. Recommended state of external bus pins 


Operation mode 


8-bit 16-bit 8-bit 16-bit 
non-multiplexed | non-multiplexed multiplexed multiplexed 


during external bus used for data 
Marion data used for address output (if enabled in EBAEO) 


AD[07:00] pause between two 
external bus accesses Hi-Z 
Hold-state 


used for data 
used for address output (if 
enabled in EBAE1) 


during external bus used for address output 
access Usediiok deta (if enabled in EBAE1) 


AD[15:08] pause between two not used 
external bus accesses Hi-Z Hi-Z Hi-Z 
Hold-state 
during external bus , : 
used for address output (if enabled in EBAEO) 
A[07:00] pause between two not used 
external bus accesses Hi-Z 
Hold-state 


during external bus . : 
used for address output (if enabled in EBAE1) 


A[15:08] pause between two not used 
external bus accesses Hi-Z 
Hold-state 


during external bus : : 
used for address output (if enabled in EBAE2) 


A[23:16] pause between two 
external bus accesses Hi-Z 
Hold-state 
ae ee we Used for external bus clock output (depends on EBCF: CKE and CKI) 
pause between two . 
Used for external bus clock output (depends on EBCF: DIV,CKE, CKI and CSM) 
Hold-state EBCF:CSM='0' and EBCF:CKE='1’: Used for external bus clock output 
EBCF:CSM='1’ or EBCF:CKE=’0’: Hi-Z 
during external bus 
access 
RDY input function 
pause between two ‘ : 
(it enabled by EBCF-RYE) 
Hold-state 
during external bus not used (outputs ‘1’ if used for WRH output (if not used (outputs ’1’ if used for WRH output (if 
access enabled in EBCS:WRHE) | enabled in EBCS:WRHE) | enabled in EBCS:WRHE) enabled in EBCS:WRHE) 


Bi esiahpsaeediate outputs ’1’ if enabled in EBCS:WRHE 


Cusing extemal bus used for WRL/WR output (if enabled in EBCS:WRLE) 
access 
WRL/WR pause between two i : é 
external bus accesses outputs ‘1’ if enabled in EBCS:WRLE 
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Table 12-6. Recommended state of external bus pins 


Pin name Status Operation mode 
8-bit 16-bit 8-bit 16-bit 
non-multiplexed | non-multiplexed multiplexed multiplexed 


during external bus Ta : . : 
used for RD output (if enabled in EBCS:RDE) 
Ponce atsliee outputs ‘1’ if enabled in EBCS:RDE 


Hold-state 


during external bus 


ees used for ALE/AS output (if enabled in EBCS:ASE) 


ALE/AS pause between two 
outputs inactive level if enabled in EBCS:ASE 


Hold-state 


during external bus not used (outputs ‘1’ if used for UB output (if not used (outputs ‘1’ if | used for UB output (if enabled 
access enabled in EBCS:UBE) | enabled in EBCS:UBE) | enabled in EBCS:UBE) in EBCS:UBE) 


Pers ee : outputs ’t’ if enabled in EBCS:UBE 


during external bus ae , f : 
used for LB output (if enabled in EBCS:LBE) 
seal sss outputs ‘1’ if enabled in EBCS:LBE 


during external bus 
access 
HRQ input function 
ause between two ' 
sveieal bus accesses (if enabled by EBCF:HDE) 
Hold-state 
during external bus 
access 
outputs ’1’ if Hold function is enabled with EBCF:HDE 
pause between two 
external bus accesses 


Hold-state outputs ’0’ 


dunng emtemnabbus used for CS[5:0] output (if enabled in EACH[5:0]:CSE) 
access 
CS[5:0] pause between two 
external bus accesses outputs inactive level if enabled in EACH[5:0]:CSE 


Hold-state 


Explanation of the table: 


not used The pin is not driven by the External bus module and can be used as general pur- 
pose I/O or for another resource located on this pin. 


* Corresponding input must be enabled by setting PIER to 1’. Otherwise no data input 
is possible. 
* The external bus interface is driving the write data to the output pin during the write 
used for data cycle. 
+ Another output resource sharing the same pin must be disabled. 
* The corresponding DDR must be set to ’0’ (input), otherwise no data input is possi- 
ble. 
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The pin can be used as external bus output signal. 


The output of the external bus function can be enabled/disabled with the corre- 
sponding output enable bit in the Exxx register. 


If the pin is used as external bus output, another output resource sharing the same 
used for xxx output (if pin must be disabled. 
enabled in Exxx) 


If the pin is used as external bus output and the Hold function should be used, set 
the corresponding DDR to input. Otherwise the PDR value will be output in Hold 
state instead of Hi-Z. 


If the pin is not used as external bus output, it can be used as port pin or output of 
another resource. The Hold function has no effect in this case. 


The pin can be used as external bus input pin. 

The corresponding input must be enabled by setting PIER to '1’. 
Another output resource sharing the same pin must be disabled. 
The corresponding DDR must be set to ’0’ (input). 


xxx input function 


The corresponding DDR must be set to ‘input’ for Hi-Z. As for all used external bus 
output pins, other resources sharing the same pin must be disabled. 


If DDR is set to output, the value defined in the corresponding PDR register is output 
instead of Hi-Z. 


If another state than Hi-Z should be used for output pins during Hold state or external bus access pause, set the DDR to out- 
put and write the required value to the PDR register of the corresponding pin. When the external bus disables its output 
enable of these pins to change the pin state to Hi-Z, the PDR value is output to the pin instead. 


Note: Pull-up resistors can also be used to terminate the pin state when they are not driven by the external bus module. 


12.5 External Boot Vector fetch 


Devices with external bus interface offer the possibility to read the Boot Vector (User program start address) via the external 
bus interface. This is possible in three different external bus operation modes depending on the MD[2:0] mode pin setting. 


The Boot ROM program initializes the external bus interface depending on the mode pin setting. Together with the Boot Vec- 
tor, the External Bus Mode Byte is read and written to the External Bus Mode register EBM before start of the User program 
execution. 


Mode pins setting for external Boot Vector fetch 


Following mode pin settings can be used for external Boot Vector fetch: 


Table 12-7. Mode pin settings for external vector modes 
MD/[2:0] Operation mode 
8-bit data width 
address/data multiplexed 


8-bit data width 
address/data non-multiplexed 


001 16-bit data width 
address/data multiplexed 


Location of Boot Vector and External Bus Mode Byte 


The startup data (Boot Vector and External Bus Mode Byte) is read from address FF:FFDCy, -FF:FFDF,, from the external 
bus if an external vector mode is selected by the Mode pins MD[2:0]. Within the address range, this data is located as follows: 
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Table 12-8. Boot Vector and External Bus Mode Byte 


Address upper byte lower byte 
bit[15:08] bit[07:00] 


FF:FFDD/DC, Start address bit[15:08] Start address bit[07:00] 
FF:FFDF/DE, External bus mode byte Start address bit[23:16] 


The External Bus Mode Byte is written to the External Bus Mode register EBM before start of the User program execution. 


The configuration of the External Bus Mode Byte is the same as for the External Bus Mode register of the external bus inter- 
face. See Chapter 12.2.1 External Bus Mode registers (EBM) for details. 


Procedure of External Boot Vector fetch 


1. Internal reset is released. 

2. MCU wakes up with RC clock and starts the Boot-ROM Start-up program. 

3. Boot-ROM program reads the mode pin setting -> external vector mode detected. 

4. Boot-ROM program configures the following registers depending on the mode pin setting: 


Table 12-9. Registers configured by the Boot ROM program before reading the external start vector ( except of MB96(F)38x 
in non-moltiplexed bus mode (MD[2:0]="110’)) 


PIERIADI00) 


For MD[2:0]='001’: PIER[AD[15:08]]='1’ | Enable inputs of AD[15:08] data input pins for 16 bit external 
start vector fetch mode 


Table 12-10. Registers configured by the Boot ROM program before reading the external start vector on MB96(F)38x in non- 
multiplexed bus mode (MD[2:0]='110’) 


configured bits Explanation 
EAE[4]='1’ Activate external area 4 


EBCS 


EACL4 


PIER[AD[15:00]] PIER[AD[07:00]]="1’ Enable inputs of AD[07:00] data input pins 


5. Boot-ROM program reads address FF:FFDCH to FF:FFFH from external bus. 
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6. Boot-ROM program writes the External Bus Mode Byte to the EBM register. The external bus interface is now configured 
as defined by the External Bus Mode Byte. 


7. Boot-ROM program jumps to the user program start address which was read from the external bus. 
8. User program is executed. All registers of the external bus interface can be rewritten by software at any time. 


Note: 


m The external bus clock (ECLK) and the byte select signals UB/LB are not enabled during external Boot Vector fetch. 


12.6 Pin status in different MCU states 


This chapter describes the status of the external bus pins in the following MCU states: 
m Reset 

m Run mode with external bus access 
m Run mode with internal access 

m Standby modes 

m Hold state 


12.6.1. Status of external bus pins 


The following table describes the status of each external bus pin in different MCU states. The statements are valid only if the 
external bus is enabled. See Table 12-6 for details about pin usage in external bus modes. To ensure Hi-Z state of the exter- 
nal bus pins, follow the recommendation of Chapter 12.4 Notes on using the external bus. 


Table 12-11. Status of each pin of the external bus 


Reset Standby mode+ _ | external bus Hold 
SRST ne 


AD[07:00] a al output Hi-Z 
can be used for data and/or 
AD[15:08] address (depending on bus output Hi-Z if used for external bus 
mode) 
A[07:00] : i 
output if enabled (non mutt output Hi-Z (non multiplexed bus mode only) 
A[15:08] plexed bus mode only) 


output Hi-Z 


output inactive level if enabled 


Input dis- 


abled — output Hi-Z 
/ output Hi- output ’H’ if enabled 
Z 


output if enabled 


output inactive level if enabled 


output if enabled output ’H’ or ’L’ if enabled 


(state and activity (inactive level for aan 
depends on clock EBCF:CSM='1’ and CKE='1’: active clock. 


EBCF:CSM='0' and 


configuration) DIV[2:0]#"000") Rmenpise nré 


input it enabled 
input it enabled 
’H’ output if enabled ’L output 


*1 Standby modes are: Sleep-, Timer- and Stop mode; the external bus is not in Hold state 
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Notes about ECLK 


When no external bus access is performed, the state of ECLK depends on the setting of EBCF:DIV[2:0], CKI and CSM bits. If 
the MCU is set to a Standby mode, the clock supplying the external bus interface is stopped and therefore the external bus 
clock ECLK is stopped too. Hence the state of ECLK in Standby mode depends on the ECLK state at the transition to 
Standby mode. If the Clock suspend mode is disabled or the ECLK clock divider is disabled (EBCF:DIV[2:0]="000"), this state 
may be ’H’ or ’L’. If the Clock suspend mode is enabled and the ECLK clock divider is active, this is always the inactive level 
defined by EBCF:CKI. 
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This chapter explains the functions and operations of the I/O ports. 
13.1 I/O Ports 


13.2 I/O Port Registers 
13.3 Register usage 


13.1. I/O Ports 


Each pin of the ports can be specified as input or output using the direction register, if the corresponding peripheral does not 
use the pin. Before using a pin as input, it must be enabled by setting the Port Input Enable register. When a pin is specified 
as input, the logic level at the pin is read. When a pin is specified as output, the data register value is read. The above also 
applies to a read operation for the read-modify-write instructions. 


1/0 ports 


When a pin is used as an output of other peripheral function, the peripheral output value is read regardless of the direction 
register value. 


It is generally recommended that the read-modify-write instructions should not be used for setting the data register prior to 
setting the port as an output. This is because the read-modify-write instruction in this case results reading the logic level at the 
port rather than the register value. 
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Figure 13-25. I/O port block diagram 


Port Input Enable register read 


| Port Input Enable register —-————————4 


Port Input Enable register write 


< 


External Pin state read 


Data register read 


Data register Pin 


Data register write 


Direction register 


Direction register write 


Direction register read 


13.2 I/O Port Registers 


Each general purpose port pin GPxx is controlled by nine types of registers. These are: 
Port Data Register (PDROO to PDRnn) 

External Pin State Register (EPSROO to EPSRnn) 

Port Direction Register (DDROO to DDRnn) 

Port Input Enable Register (PIEROO to PIERnn) 

Port Input Level Register (PILROO to PILRnn) 

Extended Port Input Level Register (EPILROO to EPILRnn) 

Port Output Drive Register (PODROO to PODRnn) 

Port High Drive Register (PHDROO to PHDRnn) 

Pull-Up Control Register (PUCROO to PUCRnn) 


I/O port registers 


The general purpose port pin GPxx_y is controlled by bit y of the I/O port register xx. For example, the data direction of port 
pin GPxx_y is controlled by DDRxx_y. 
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Figure 13-1. I/O port registers (only shown for port 00) 


Port 0 Data Register (PDROO) 


Port 0 External Pin State Register (EPSROO) 


Port 0 Direction Register (DDROO) 


Port 0 Input Enable Register (PIEROO) 


Port 0 Input level Register (PILROO) 


Port 0 Extended Input Level Register 
(EPILROO) 


Port 0 Output Drive Register (PODROO) 


Port 0 High Drive Register (PHDROO) 


Port 0 Pull-Up Control Register (PUCROO) 


13.2.1 Port Data Register (PDRnn) 


Note that R/W for I/O ports differ from R/W for memory in the following points: 
m= Input mode 


Read: The level at the corresponding pin is read. 


Write: Data is written to an output latch. 
= Output mode 


Read: The data register latch value is read. 


Write: Data is written to an output latch and output to the corresponding pin. 
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13.2.1.1 Port Data Register 
Figure 13-2. Port Data Registers 


7 6 5 4 3 2 1 0 PDRnn 
Undefined R/W 


R/W: Readable and writeable 
- : Undefined 


13.2.1.2 Reading the Port Data Register 


Bits Px (PDROO to PDRnn) 


When a Port Data Register is read, the read value depends on the corresponding bit in the Data Direction Register, on the 
current status of the resource that is connected to the same pin (if applicable) and the used instruction (RMW or not RMW). 
The following cases are possible: 


Table 13-1. Reading Port Data Register 


DDR value Resource Pin value Read value of Read value of 
output Read instructions’ *RMW instructions’ 


value of resource output input pin state value of PDR 


0 (input) : : 
disabled port input input pin state value of PDR 
value of resource output value of PDR value of PDR 
1 (output) 
disabled value of PDR value of PDR value of PDR 


Reading PDR value with RMW instructions ensures, that single bits of PDR are not accidentally overwritten. This may happen 
if resource function of pin is selected and pin value is read instead of PDR value. 


Please refer to the following example for explanation of difference between reading PDR with RMW instruction on F2MC- 
16LX and F2MC-16FX. 
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Bit # 7654.3210 
DDR 1111.1111 © output) 
PDR (= last value written to PDR) 0000.0000 
OE 0010.0000 
(resource output enable) 
Resource output 0010.0000 
current pin value 0010.0000 
read by RMW instruction from PDR on 16LX —_-0010.0000 
-> e.g. 
MOV A, #0 
OR PDR, A 
=> writes back #b’0010.0000 
=> PDR is changed 
read by RMW instruction from PDR on 16FX —_0000.0000 
-> e.g. 
MOV A, #0 
OR PDR, A 
=> writes back #b’0000.0000 
=> PDR is not changed 
13.2.2 External Pin State Register (EPSRnn) 
With this register the current state of the external pin can be read. 
13.2.2.1_ External Pin State Register 
Figure 13-3. External Pin State Registers 
7 6 5 4 3 2 1 0 EPSRnn 
P86 Iiiavale ass 
Undefined R 
R_ : Readable 
: Undefined 
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13.2.2.2 Access to the external pin state data register 


Bits PSx (EPSROO to EPSRnn) 
These bits mirror the status of the external port pin. 
Writing to this register has no effect. 


The external pin status register mirrors the status of the external port pin only if the corresponding bit in the Port Input Enable 
Register is set to "1". 


13.2.3. Data Direction Register (DDRnn) 
When a pin is used as a general purpose port, this register switches the corresponding pin to input mode or output mode. 


13.2.3.1 Data direction register 


Figure 13-4. Data Direction Registers 


7 6 5 4 3 2 1 0 DDRnn 
000000008 R/W 


R/W: Readable and writeable 
: Undefined 


13.2.3.2 Reading the Data Direction Register 


Bits Dx (DDROO to DDRnn) 
These bits set the data direction of each port pin. 


When a pin is used as a port, the corresponding pin is controlled as described below: 


Table 13-2. Mode selection 


0 Input mode 


Output mode 


Note: 


The Data Direction Register can be read independently from the status of the corresponding resource. However, the value of 
the DDR influences the result of a read access on the Port Data Register. 
If pins are used as analog input or output, this value is ignored. 


13.2.4 Port Input Enable Register (PIERnn) 


When a pin is used as general purpose port, the digital input is enabled or disabled with this register. When the digital input is 
disabled, no transverse current is drawn by the input stage at any input pin potential. 
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13.2.4.1_ Port Input Enable Register (PIER) 
Figure 13-5. Port Inout Enable Registers 


7 6 5 4 3 2 1 0 PIERnn 
000000008 R/W 


R/W: Readable and writeable 
: Undefined 


Bits IEx (PIEROO to PIERnn) 
These bits enable or disable the digital input of each port pin. 


When a pin is used as an input port, the corresponding pin is controlled as described below: 


Table 13-3. Port enable function 


0 Disable digtal input 


1 Enable digital input 


Note: 


If pins are used as analog input or output, then the digital input function is disabled. 


Note: 
When the MCU enters Stop mode or Timer mode, the input of all ports is disabled irrespective of PIER setting, except for 
ports, for which an external interrupt is activated. 


13.2.5 Port Input Level Register (PILRnn) and Extended Port Input Level Register 
(EPILRnn) 


The digital input level of each pin can be programmed between CMOS Hysteresis, Automotive Hysteresis or TTL level with 
these two registers. 
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13.2.5.1 | Port Input Level Register (Pi/LRnn) and 
Extended Port Inout Level Register(EP/LRnn) 


Figure 13-6. Input level and extended input level registers 


7 6 5 4 3 2 1 0 PILRnn 
00000000, R/W 
7 6 5 4 3 2 1 0 EPILRnn 
EIL6 Initial value Access 
00000000, R/W 


R/W: Readable and writeable 
- : Undefined 


Bits ILx (PILROO to PILRnn) and EILx (EPILROO to EPILRnn) 
Set the digital input level with these bits. 


Table 13-4. Input level selection 


vibe | eux | inputtevel | Mu | 
jo fo [omosyosoy, —fosxvon forxvon | 


1 fo Automotive Hysteresis 0.5 x VDD 0.8 x VDD 
om —Ciww Sid 
CMOS(0208) 0.2 x VDD 0.8 x VDD 
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Figure 13-7. Digital and analog Input 
CMOS 0307 
Automotive Hysteresis PIER 
4 ‘ Pin 
Digital 
be! << — m iS 
<q] . 
CMOS 0208 
PILR a 
EPILR /2 
Analog 
Input/ 
Output 

13.2.6 | Port Output Drive Register (PODRnn) 

The output drive option can be programmed with this register. 

Output drive strength is selectable between normal and reduced current. 

13.2.6.1_ | Port Output Drive Register (PODRnn) 

Figure 13-8. Port Output Drive Register 

7 6 5 4 3 2 1 0 PODRnn 
00000000 R/W 
R/W: Readable and writeable 
: Undefined 
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Bits ODx (PODROO to PODRnn) 


These bits switch the output current between normal and reduced value of each port pin. 
Please refer to the data sheet for electrical characteristics. 


Table 13-5. Output drive selection 


0 Normal current output drive 


Reduced current output drive 
13.2.7. Port High Drive Register (PHDR) 
The high drive option can be enabled or disabled with this register. 


13.2.7.1_ | Port High Drive Register 
Figure 13-9. Port High Drive Registers 


7 6 5 4 3 2 1 0 PHDRnn 
00000000, R/W 


R/W: Readable and writeable 
: Undefined 


Bits HDx (PHDROO to PHDRnn) 


These bits enable or disable the high drive option for each port pin. 
Please refer to the data sheet for electrical characteristics. 


Table 13-6. High drive enable function 


Disable high drive option (Drive strength is determined by PODR setting) 


Enable high drive option (PODR value is ignored) 


Note: 


This option is not available for all ports. Please refer to the data sheet for details. 
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13.2.8 | Pull-Up Control Register (PUCR) 
The Pull-up resistor can be enabled or disabled with this register. 
13.2.8.1 — Pull-Up Control Register (PUCR) 
Figure 13-10. Pull-Up Control Register 
7 6 5 4 3 2 1 0 PUCRnn 
00000000, R/W 


R/W: Readable and writeable 
: Undefined 


Bits PUx (PUCROO to PUCRnn) 


These bits enable or disable the pull-up resistor for each port pin. 


Table 13-7. Pull-up function 


0 No Pull-up resistor in input mode 


1 Pull-up resistor in input mode 


13.2.8.2 Block Diagram of Pull-Up Control Register (PUCR) 
Figure 13-11. Block Diagram of Pull-Up Control Register (PUCR) 


Resistor register 
Data register 
Direction register 


Port input-output 


Internal data bus 


Note: 


——  Pull-up resistor (about 50KQ) 


In output mode, this register has no effect (no pull-up resistor). In stop and timer mode (SMCR.SPL=1), the state with no pull- 


up resistor is entered (high impedance). 
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13.3. Register usage 


This chapter gives a summary about usage of IO registers. 


Register settings for different port usage 


Table 13-8. Register settings for different port usage 


Register/ PILR | EPILR | PUCR | PODR PHDR 
Port usage — avail.) ries ae 
[eee |) state en eee Pe ee ieee et Gia [ae stored 
off normal in [ae 


Eomall set to baa set to 1 a n) User User User no effect no effect pin state value is 
Purpose (input) setting setting setting stored 
input in PDR 


General set to 1 set to 1 (on) pin state User User ae User User value is 

Purpose (output) for EPSR (if PIER = 1) setting setting setting setting stored 

output in PDR 
and shown 

on pin 


Peripheral set to 0 set to 1 (on) User User User no effect no effect pin state value is 
Resource (input) setting setting setting stored 
input (digital) only in PDR 

Peripheral ignored set to 1 (on) pin state User User yi User User value is 
Resource for EPSR (if PIER = 1) setting setting setting setting stored in PDR 
output (digital) 
Analog I/O ignored ignored undefined ignored ignored ignored ignored ignored undefined | value is stored 
(input is off) (off) in PDR 


a. Exception: 
When the pin is used for 12C bus SDA or SCL line, the user setting of PUCR remains active even when I2C bus controller is enabled. 


Note: 


For pins used in external bus at external vector fetch the initial state is PILR=0, EPILR=1 (TTL). 
Peripheral Resource output is activated by the corresponding peripheral resource register. 
Analog I/O is activated by register of analogue peripheral resource e.g. by ADER for ADC. 
Please refer to HWM chapter of analogue and peripheral resource. 
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This chapter explains the functions and operations of the 16-bit I/O Timer. 
14.1 Outline of 16-bit I/O Timer 


14.2 16-Bit I/O Timer Registers 
14.3 16-bit Free-Running Timer 
14.4 Output Compare Unit 

14.5 Input Capture Unit 


14.1. Outline of 16-bit I/O Timer 


The 16-bit I/O Timer consists of a 16-bit Free-Running Timer and Output Compare Units and Input Capture Units. It is used to 
generate pulse sequences and to measure the time duration between external events. 


16-bit Free-Running Timer 

m The 16-bit Free-Running Timer consists of the up counter, the control register, the 16-bit compare clear register, and the 
prescaler. The output value obtained from this counter is used as the basic timer of the Input Capture Unit. 

m Eight counter clocks are available 
An interrupt can be generated upon a counter overflow or a match with compare register 0 and 4. 
The counter value can be initialized to '0000,,' upon a reset, software clear, or if a compare match is generated between 
this timer and the compare clear register values. 


Output Compare Unit (2 channels per one module) 

The Output Compare Unit consist of two 16-bit compare registers, two compare output latches, and two control registers. 
When a 16-bit Free-Running Timer value matches the corresponding compare register value, the output level is toggled and 
an interrupt can be issued. 

m The two compare registers can be used independently for each Output Compare Unit. 

m= Output pins can be controlled based on pairs of the two compare registers. 


Output pins can be toggled by using the two compare registers. 
m Initial values for output pins can be set. 
m Interrupts can be generated upon a compare match. 


Input Capture Unit (2 channels per one module) 


The Input Capture Unit consists of two 16-bit capture registers and two control registers, each corresponding to two indepen- 
dent external input pins. The 16-bit Free-Running Timer values can be stored in the capture register and an interrupt is issued 
simultaneously upon detection of an edge of a signal input from an external input pin. 


m The detection edge of an external input signal can be specified. 

Rising, falling, or both edges can be chosen. 

m The two input channels can operate independently. 

m An interrupt can be issued upon a valid edge of an external input signal. 
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The DMA can be activated upon an input capture interrupt. 


Block diagram of the 16-bit I/O Timer 
Figure 14-1 shows a block diagram of the 16-bit I/O Timer. 
Figure 14-1. Block diagram of 16-bit I/O Timer 


a 
<>] Control logic 
Interrupt ~< ¢ 
7 
16-bit Free-Running Timer 0/1/... re} 
<& 
fh 7L_estittimer__ : =. BRCKe 
E : 
Clear , 
Output Compare Unito/2/4/e/... | | 
Compare register 0 T Qrm~ OUT 
——— — ---——=> QUT? 
8 ae a ---——> OUT4 
© | Output Compare Unit 1/3/$/7/...._ + ---——> OUT6 
+ Compare register 1 o T Qh  OUTi 
[L_____ — <= —S OUTS 
———— amma lal ----——= QUT5 
L_____+ *--——>= OUT7 


Input Capture Unit 0/2/4/6/.}. 


+ Capture register 0 ar ea Edge selection |<——_ INO 
==) =F ra 
-———_+ -= IN6 

Input Capture Unit 1/3/5/7/... 
Capture register 1 Edge selection |}<——__|N1 
| | — --<— IN3 
eA = -<=— IN5 
-<=— IN7 


Note: Please refer to the first chapter (Section 16-bit I/O-Timer Configuration on page 26) and the tables therein to check the 
connections between input/output capture units and free running timers. 
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14.2 16-Bit I/O Timer Registers 


The 16-bit I/O timer has the following registers: 
m 16-bit Free-Running Timer registers 

m 16-bit Output Compare registers 

m 16-bit Input Capture registers 


16-bit Free-Running Timer registers 
15 0 


TCDTn Timer Data Register n 
TCCSHn TCCSLn Timer Status Register n 


Remark: 


The suffix "n" denotes the Free-Running Timer number (0, 1, 2, ...). The register name is composed by the register type name 
and the suffix. Hence, the following registers are available: 

m for Free-Running Timer 0: TCDTO, TCCSHO, TCCSLO 

m for Free-Running Timer 1: TCDT1, TCCSH1, TCCSL1 

m etc. 


16-bit Output Compare Unit registers 


15 0 
OCCP(2n+0) Compare register 2n+0 
15 0 
OCCP(2n+1) Compare register 2n+1 
OCS(2n+1) OCS(2n+0) Control status register 2n+1/2n+0 


Remark: 


The suffix "n" denotes the number of the Output Compare Unit (0, 1, 2, ...). The register name is composed by the register 
type name and the suffix. Hence, the following registers are available: 

m for Output Compare Unit 0: OCCPO, OCCP1, OCSO, OCS1 

m for Output Compare Unit 1: OCCP2, OCCP3, OCS2, OCS3 


m etc. 
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16-bit Input Capture registers 
15 0 


IPCP(2n+0) Capture register 2n+0 


IPCP(2n+1) Capture register 2n+1 


ICS(2n+0)/(2n+1) Control Register (2n+0)/(2n+1) 


ICE(2n+0)/(2n+1) Capture Edge Register (2n+0)/(2n+1) 


Remark: 


The suffix "n" denotes the number of the Input Capture Unit (0, 1, 2, ...). The register name is composed by the register type 
name and the suffix. Hence, the following registers are available: 


m= for Input Capture Unit 0: IPCPO, IPCP1, ICS01, ICEO1 
m= for Input Capture Unit 1: IPCP2, IPCP3, ICS23, ICE23 
mg etc. 


14.3 16-bit Free-Running Timer 


The 16-bit Free-Running Timer consists of a 16-bit up counter and a control status register. The count values of this timer are 
used as the base time for the Output Compare Units and Input Capture Units. 


m_ Eight counter clock frequencies are available. 
m Aninterrupt can be generated upon a counter value overflow. 


m The counter value can be initialized upon a match with compare register 0 and compare register 4, depending on the 
mode. 


16-bit Free-Running Timer block diagram 


Figure 14-2. 16-bit Free-Running Timer block diagram 


o~ |_)——> Interrupt request 
: =| IVF | IVFE |STOP| MODE! CLR | CLK2 | CLK1 | CLKO| TCCSLn 
| part o/1 | LL TCCSHn:ECKE 
TCCSHn:FSEL 


16-bit up Counter keer 7 a 


Count value output 


CLKP1 


FRCKn 


T15 to TOO 


Note: The figure above is valid for all existing timers 


Refer CHAPTER 1 for the connection of ICU and OCU 
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14.3.1 Data Register (TCDTn) 


16-Bit I/O Timer 


The Data Register (TCDTn) can read the count value of the 16-bit Free-Running Timer. The counter value is cleared to "0000" 
upon a reset. The timer value can be set by writing a value to this register. However, ensure that the value is written while the 


operation is stopped (STOP=1). 


The data register must be accessed by the word access instructions. 


Data register of Free-Running Timer (TCDTn) 
Figure 14-3. Data register of Free-Running Timer (TCDTn) 


15 14 13 12 11 10 9 8 YT 6 5 4 3 2 


R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W OR/W 


R/W : Readable and writable 


0000000000000000, 


The 16-bit Free-Running Timer is initialized upon the following factors: 
m Reset 

m Clear bit (CLR) of control status register 

m= Amatch between compare register and the timer counter value. 
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The control status register (TCCSLn) sets the operation mode of the 16-bit Free-Running Timer, starts and stops the 16-bit 
Free-Running Timer, and controls interrupts. 
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Control status register of Free-Running Timer (TCCSLn) 


Figure 14-4. Control status register of Free-Running Timer (TCCSLn) 


R/W 


1 0 


7 6 5 4 3 2 
ES 


R/W R/W R/W R/W R/W R/W R/W R/W 


Readable and writable 


Initial value 


TCCSLn 
Initial value 
00000000, 
bit 2 bit1 bit 0 


CLKO Count Clock Selection 


¢ = Peripheral clock CLKP1 


Clear Timer 

Read Write 

no effect 

clear timer to "0000" 


read always "0" 


MODE Set Reset condition of timer 

0 Initialization by reset or clear bit 

1 Init. by reset, clear bit, or compare reg. 0 and 4 
bit 5 


STOP 
0 Counter enabled 
1 Counter disabled (stop) 
bit 6 


IVFE Interrupt enable bit 
0 Interrupt disabled 
1 Interrupt enabled 


Interrupt request flag bit 
Read Write 


No interrupt clear this bit 
Interrupt request no effect 
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Table 14-1. Control status register of Free-Running-Timer (TCCSLn) 


Bit name Function 


This bit is the interrupt request flag bit and clear bit 
Writing "0": A possible interrupt is cleared. 

Writing "1": No effect. 

"{" is always read during a read-modify-write cycle. 


This bit is set to "1" if the Free Running Timer overflows or if the timer value matches with the compare register 
0 or compare register 4 and the MODE bit is set to "1". 


This bit enables the interrupt request 
Writing "0": Interrupt disabled. 

Writing "1": Interrupt enabled. 

The STOP bit is used to stop the timer. 
Writing "0": Counter enabled (operation). 
Writing "1": Counter disabled (stop). 


"0": Initialization by reset or clear bit 
"1": Initialization by reset, clear bit, or compare register 0 or compare register 4 


The CLR bit initializes the operating Free-Running Timer to the value "0000" 
+ Writing "0": no effect. 
+ Writing "1": Counter is initialized. 
Note: 
To initialize the counter value while the timer is stopped (STOP = 1), write "0000" to the data register (TCDT). 


These bits are used to select the count clock for the 16-bit-Free-Running Timer. The clock is updated immediately 
after a value is written to these bits. Therefore, ensure that the input capture and output compare operations are 
stopped before a value is written to these bits. 


CLK2, CLK1, CLKO 
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Control status register of Free-Running Timer (TCCSHn) 


Figure 0.0-1 Control status register of Free-Running Timer (TCCSHn) 


15 14 138 12 11 «+10 9 8 TCCSHn 

A eee tial value 

RWRW - - 7 ee C1 XRKKR KK g 
ee ST 2 


a eee | | Undefined 


FSEL Frequency Selection 


divide input clock by 2 


bypass input clock (no division) 


ECKE External Clock Enable 


0 select internal clock as clock source 


- Readable and writable 1 select external clock (FRCK) as clock source 
: Write only 

: undefined value 

: undefined 


R/W 
WwW 
Ll : Initial value 


Table 14-2. Function description of each bit of the Control status register of Free-Running timer (TCCSHn) 


Bit name motion 


This bit is used to select the internal or external clock source. Change this bit status while 
the output compare or input capture is stopped because the clock may be changed after 
writing data in the ECKE bit. 

bit 15 ECKE or 

1 

If the internal clock is selected, set bits CLK2 to CLKO to the count clock value. This count 
clock is made the basic clock. 
If the clock source is input from FRCK, set the corresponding port's data direction register 
(DDR) to "input" and set the input enable register (IER) to "enabled". 


This bit is used to control division of the counter clock source. Change this bit status while 
the output compare or input capture is stopped. The FSEL bit is used to specify the count 
bit 14 FSEL clock division ratio. 
If FSEL is set to "0", the count clock cycle specified by the count clock selection bit 
(TCCSL bit:CLK2 to CLKO) is divided by two. 
The read value of these bits is undefined. 
bit 13 to bit 8 undefined Always write ’0’ to these bits. 
RMW instructions are not affected. 
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14.3.3 16-bit Free-Running Timer Operation 


The 16-bit Free-Running Timer starts counting from counter value "0000" after the reset is released. The counter value is 
used as the base time for the 16-bit Output Compare and 16-bit Input Capture operations. 


14.3.3.1 16-bit Free-Running Timer operation 


The counter value is cleared in the following conditions: 

When an overflow occurs. 

The compare clear register value matches the 16-bit Free-Running Timer value. (The mode must be set.) 

When a match with the Output Compare register 0 or Output Compare register 4 occurs. (This depends on the mode.) 
When "1" is written to the CLR bit of the TCCSL register during operation. 

When "0000" is written to the TCDT register during stop. 

m Reset 


An interrupt can be generated when an overflow occurs or when the counter is cleared by a match with the compare register 
0 or 4. (Compare match interrupts can be used only in an appropriate mode.) 


14.3.3.2 Clearing the counter by an overflow 


Figure 14-5. Clearing the counter by an overflow 


Counter value 


Overflow 


FFFF, 
BFFF y 
7FFFy 
3FFFy 
00004 


Time 


Reset —_J 


Interrupt 


14.3.3.3 Clearing the counter at Compare Clear Register value match 


Figure 14-6. Clearing the Counter when the Compare Clear Register Value matches the 16-bit Free-Running Timer value 


Counter value 

1 et ee ee 
BEER “pee eho ea ee aes Be ee ee Sie Ene re nie ace es 
JEFF go oo frc ccc rc eee ee eee eee eee eee eee 


BFFF, }-- 7-7-7 eet fe eet ee - 


0000, > Time 
Reset ———_ 
Compare 
register value eddie 


Interrupt 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 307 


Su CYPRESS 


16-Bit I/O Timer “ae” «= EMBEDDED IN TOMORROW 


14.3.3.4 16-bit Free-Running Timer timing 


16-bit Free-Running Timer clear timing (match with the compare register 0) 


The counter can be cleared upon a reset, software clear, or a match with the compare register 0. By a reset, the counter is 
immediately cleared. By a match with compare register 0 or Compare Clear Register value or by software clear (TCCS:CLR = 
1), the counter is cleared in synchronization with the count timing. 


Figure 14-7. 16-bit Free-Running Timer clear timing (match with the compare register 0) 


Compare 
register value 


Compare match 


N 0000 


Counter value 


14.4 Output Compare Unit 


The Output Compare Unit (OCU) consists of two 16-bit compare registers, two compare output pins, and one control register. 
If the value written to the compare register of this module matches the 16-bit free-running timer value, the output level of the 
pin can be toggled and an interrupt can be issued. 


Features of Output Compare Unit (OCU) 

m For each Output Compare Unit, two compare registers exist which can be used independently. Depending on the mode 
setting, the two compare registers can be used to control pin outputs. 

The initial value for each pin output can be specified separately. 

An interrupt can be issued upon a match as a result of comparison. 

Each OCU can generate one PWM signal using two compare registers. (Except for OUTO and OUT4 pins) 

Two PWM signals can be generated by one output compare module using three compare registers. 

The compare registers can be used to generate one cyclic waveform signal. 
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Output Compare Unit block diagram 
Figure 14-8. Output Compare Unit block diagram 


™ 16bit timer control value (T15 to TOO) 


Compare control 


<—+ Compare register 0 ‘ ™ Qa oTEo| > OUT(2n+0) 


7 CMPOEXT/CMP4EXT 


CMOD1 
16bit timer control value (T15 to TOO) CMODO 


[Compare control fy D [OTE1 |= OUT(2n+1) 
aes 


Compare register 1 


Bus 


Compare(2n+1) 
Controller interrupt 
[ >> Compare(2n+0) 
ee Controlblocks interrupt 


14.4.1. Output Compare Register (OCCP(2n) / OCCP(2n+1)) 


The 16-bit Output Compare registers are compared with the 16-bit Free-Running Timer. Since the initial register values are 
undefined, set appropriate value before enabling the operation. These registers must be accessed by the word access 
instructions. When the value of the register matches that of the 16-bit Free-Running Timer, a compare signal is generated and 
the output compare interrupt flag is set. If output is enabled, the output level corresponding to the compare register is 
reversed. 


If a compare match coincides with write operation to this register, resulting compare operation is not predictable. Therefore 
make sure to evaluate the counter value of the free running timer or to initialize the timer before writing to this register. 


Output Compare Register (OCCP(2n) / OCCP(2n+1)) 
Figure 14-9. Output Compare Register (OCCP(2n) / OCCP(2n+1)) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OCCPn 


R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/O Initial value 
XXXXXXXXXXXXKXKXX 


R/W : Readable and writable 


This register can only be accessed as 16-bit word 
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14.4.2 Control Status Registers of Output Compare (OCS(2n) / OCS(2n+1)) 


The Control Status Register (OCS(2n) /OCS(2n+1)) sets the operation mode of output compare, starts and stops output com- 
pare, controls interrupts, and sets the external output pins. 


Output Compare Control Status Register (OCS(2n)) 
Figure 14-10. Output Compare Control Status Register (OCS(2n)) 


+ 9 OCS(2n) 


7 6 5 4 3 2 
el PT] TE 


0000XX00, 
R/W R/W R/WR/W --s R/W R/W 


bit 0 


iene CST(2n+0)} Comparison with timer for channel (2n+0) 
0 Compare operation disabled for channel (2n+0) 
1 Compare operation enabled for channel (2n+0) 
bit 1 


L ICST(2n+1) | Comparison with timer for channel (2n+1) 


0 Compare operation disabled for channel (2n+1) 
1 Compare operation enabled for channel (2n+1) 


' bit 4 
i ICE(2n+0) | Compare interrupt enable for channel (2n+0) 


0 Output compare interrupt disabled for channel (2n+0) 
1 Output compare interrupt enabled for channel(2n+0) 
bit 5 


ICE(2n+1) | Compare interrupt enable for channel (2n+1) 
0 Output compare interrupt disabled for channel (2n+1) 
1 Output compare interrupt enabled for channel (2n+1) 
bit 6 


0 No compare match for channel (2n+0) 
Compare match for channel (2n+0) 
bit 7 
beeen ee eee esse seen 
R/w : Readable and writable 0 No compare match for channel (2n+1) 
X : Undefined value Compare match for channel (2n+1) 
: Undefined 


[| : Initial value n=0, 1, 2,3,... 


Remark: 

The suffix "n" denotes the Output Compare Unit number (0, 1, 2, ...). The register name and the bit names are composed by 
the register/bit type name and the suffix. For example: 

m= for Output Compare Unit 0: n = 0, hence OCSO has bits CSTO, CST1, ICEO, ICE1, ICPO, ICP1 


m= for Output Compare Unit 1: n = 1, hence OCS2 has bits CST2, CST3, ICE2, ICE3, ICP2, ICP3 etc. 
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Table 14-3. Output Compare Control Status Register (OCS(2n)) 


itname Function 


ICP(2n+1) These bits are used as compare match status flags. When the compare register value matches the 16-bit free-run 
timer value, the bit is set to "1". 


When a compare match status bit ICP(2n+1) or ICP(2n+0) bit is set and the corresponding interrupt enable bit 
ICE(2n+1) or ICE(2n+0) is enabled, an output compare interrupt occurs. 


These bits are cleared by writing "0". 

ICP(2n+0) "0": No compare match. 

"1": Compare match. 

Writing "1" has no effect. 

"{" is always read by a read-modify-write instruction. 


ICE(2n+1) These bits are used as output compare interrupt enable flags. 


When a compare match status bit ICP(2n+1) or ICP(2n+0) bit is set and the corresponding interrupt enable bit 
ICE(2n+1) or ICE(2n+0) is enabled, an output compare interrupt occurs. 


Writing "0": Output compare interrupt disabled. 
Writing "1": Output compare interrupt enabled. 


ICE(2n+0) 


Always write "0" to these bits 
Undefined The read value is undefined 
Read-modify-write is not affected. 


CST(2n+1) These bits are used to enable the compare operation 
+ Writing "0": Compare operation disabled. 

* Writing "1": Compare operation enabled. 

Note: 


CST(2n+0 
( Ensure that a value is written to the compare register before the compare operation is enabled. 


Since output compare is synchronized with the 16-bit Free-Running Timer clock, stopping the 16-bit Free-Running 
Timer stops compare operation. 


n=0, 1, 2, 3, ... is the Output Compare Unit number. The bit names are composed by the bit type name and the suffix, e. g. for n = 0: OCSO has CST(2n+0) = 
CSTO, CST(2n+1) = CST1. 


for n = 1: OCS2 has CST(2n+0) = CST2, CST(2n+1) = CST3 
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Output Compare Control Status Register (OCS(2n+1)) 
Figure 14-11. Output Compare Control Status Register (OCS(2n+1)) 


15 14 13 14 8 OCS(2n+1) 


5 12 0 9 
MO! MODO} eal 
pom] | peed er] oe] om] om] ital va 


OxXX00000, 
RW - - R/IWR/W RIWRMW RW 
: ; : in ee bit 8 


feta Fdigts. Sha Fi i ; | «~~ fOTD(2n+0)] Output Pin Level Select for channel (2n) 

' ‘ : ; 0 Sets "0" for compare pin output for unit (2n) 
: : : 1 Sets"1" for compare pin output for unit (2n) 
' bit 9 


' : ; L IOTD(2n+1) | Output Pin Level Select for channel (2n+1) 
0 Sets "0" for compare pin output for unit (2n+1) 
1 Sets"1" for compare pin output for unit (2n+1) 
bit 10 


L OTE(2n+0)] Outpt Pin Enable for channel (2n) 

' ; 0 Output Compare Unit output is disabled 
' ' 1 Output Compare Unit output is enabled 
; bit11 

: : OTE(2n+1) | Output Pin Enable for channel (2n+1) 

: 0 Output Compare Unit output is disabled 
; 1 Output Compare Unit output is enabled 
bit 15 bit 12 


Ree Rie ee eRe Ree eke CMOD1 | CMODO | Define Comparison mode for Pin 
R/W : Readable and writable a as) see description for details 


x : Undefined value 
- : Undefined 


[| : Initial value n=0, 1, 2,3, ... 


Table 14-4. Output Compare Control Status Register (OCS(2n+1)) 


Bit name Function 


These bits define the operation mode for the pin output signals. Depending on the defined mode, the level is tog- 
bit 15 and 12 CMODO, CMOD1 gled upon a match with different compare registers. See Table 14-5 and Section 14.4.3 16-bit Output Compare 
Operation. 


+ Always write "0" to these bits 
bit 14, 13 Undefined + The read value is undefined 
+ Read-modify-write is not affected. 


bit 11 OTE(2n+1) These bits are used to enable the Output Compare Unit output pins. The initial value for these bits is "0". 


+ "0": Output Compare Unit output is disabled. The corresponding pin can be used as general-purpose port or for 
bit 10 OTE(2n+0) other peripheral function. 
« "1": Output Compare Unit output is enabled. 


OTD(2n+1) These bits are used to change the pin output level when the Output Compare Unit output pin is enabled. The initial 
value of the Output Compare Unit output pin is "0". These bits can only be changed if the compare operation for the 
corresponding channel is disabled (OCS(2n):CST(2n+0) or OCS(2n):CST(2n+1)). When read, these bits indicate 
the Output Compare Unit output pin value. 


OTD(2n+0 
eee * Writing "0": Sets "0" for Output Compare Unit output pin. 


* Writing "1": Sets "1" for Output Compare Unit output pin. 


n=O, 1, 2, 3, ... is the Output Compare Unit number. The bit names are composed by the bit type name and the suffix, e. g. for n=0: OCS(2n+1) = OCS1 has bits 
OTD(2n+0) = OTDO, OTD(2n+1) = OTD1 


for n=1: OCS(2n+1) = OCS3 has bits OTD(2n+0) = OTD2, OTD(2n+1) = OTD3. 
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Table 14-5. Function of CMOD1 and CMODO bits 


Pin output value reversed upon match with compare register number. 


How to read the table: 


g 
output pin OUT(2n+0) 


output pin OUT(2n+1) 
OUT(2n+0) toggles at | OUT(2n+1) toggles at 
match with the listed match with the listed 
OCCP numbers OCCP numbers 
OUT(2n+0) toggles at | OUT(2n+1) toggles at 
match with the listed match with the listed 
OCCP numbers OCCP numbers 
oggle upon match o x 
CMOD1 CMODO OUTO OUT1 
x 0 x=0 x=1 
x 1 x=0 x= 0.x%=1 
Oocs3 Toggle upon match of OCCPx 
CMOD1 CMODO OUT2 OUT3 
0 0 x=e2 X=3 
0 1 X=2 X=2,xX=3 
1 0 x=0,x=2 x=0,x=3 
1 1 x=0,x=2 x=0,x=2,x=3 
OCS5 Toggle upon match of OCCPx 
CMOD1 CMODO OUT4 OUT5 
x 0 x=4 x=5 
x 1 x=4 x=4,x=5 
OCS7 Toggle upon match of OCCPx 
CMOD1 CMODO OUT6 OUT7 
0 0 x=6 x= 7 
0 1 x=6 x=6,x=7 
1 0 x=4,x=6 x=4x=7 
7 1 x=4,x=6 x=4,x=6,x=7 
Oocsg Toggle upon match of OCCPx 
CMOD1 CMODO OUT8 OUT9 
x 0 x=8 x=9 
Xx 1 x=8 x=8,x=9 
Ocs11 Toggle upon match of OCCPx 
CMOD1 CMODO OUT10 OUT11 
x 0 x=10 xan 
x 1 x=10 x=10,x=11 


Figure 14-12. Block diagram of output selection (OCU module 1) 


16-Bit I/O Timer 


Compare 
Control 2 


CMOD1 


CMPOEXT 


CMODO 


Compare 
Control 3 


—y)——ovr 


OUT3 
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For OCU module 1, which requires a match with Output Compare Register 0 if CMOD[1:0] = “10,” the comparison result from 


module 0 is carried inside by the CMPOEXT signal. Of course, this does not apply to module 0 itself. Here, no other register 
can be used but OCCPO and OCCP1. 


The equivalent situation applies to OCU module 3, where the result from module 2 is needed as CMP4EXT. 


14.4.3 16-bit Output Compare Operation 


In the 16-bit Output Compare operation, an interrupt request flag can be set and the output level can be toggled when the 
specified compare register value matches the 16-bit free-run timer value. The CMODO and CMOD1 bits can be used to define 
the corresponding compare registers for each pin. 


14.4.3.1. Sample output waveform when CMOD[1:0] = "00.8" 


When CMOD[1:0] = “00,”, the output level of the pin corresponding to the compare register is reversed on every match with 
the register value. Each output value is controlled by one compare register. 


OUTO: The level is only reversed by a match with compare register 0. 
OUT1: The level is only reversed by a match with compare register 1. 


Figure 14-13. Sample of output waveform when CMOD[1:0] = "00," 


Counter value 


Reset ; 
OCCPO value BFFFy 
OCCP1 value \7FFF, 

OUTO 


OUT1 


Compare 0 
interrupt 


Compare 1 
interrupt 


Note: In this figure, the initial value is "0" for both pins. 


14.4.3.2 Sample output waveform with two compare registers when CMOD/1:0] = "01," 


When CMOD[1:0] = “01,”, the output level of the pin corresponding to compare register 0 (2) is reversed upon every match 
with the register value. This is identical to the behavior for CMOD[1:0] = “00,”. However, the output level of the second pin is 


reversed upon a match with either compare register 0 or compare register 1 (3). This allows to define a pulsed signal with one 
edge defined by the value in compare register 0 and the other edge defined by compare register 1 (3) or vice versa. If both 
compare registers have the same value, the operation is identical to the case for CMOD[1:0] = “00g”. 


A pulse width modulated signal with differing frequency can be defined by using this mode together with the reset option by 
compare register match for the Free-Running Timer (MODE-bit in TCCSLx registers). 


OUTO (2): The level is only reversed by a match with compare register 0 (2). 


OUT1 (3): The level is reversed by a match with compare register 0 (2) or with compare register 1 (3). 
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For OUT4, OUT5, OUT6 and OUT7, compare register 4 plays the same role as compare register 0 above. 
Figure 14-14. Sample of a output waveform when CMOD[1:0] = "01" (no timer reset by match) 


Counter value 
FFFFy 
BFFFy 
7FFFy 
3FFFy 
0000,, 


Time 


Reset 1 
OCCPO value BFFFy 
OCCP1 value 7FFFq 

OUTO 


OUT1 - r..t~«d 


Note: In this figure, the initial value is "O" for both pins. 


14.4.3.3. Sample output waveform when CMOD/1:0] = "10," 


The operation mode defined by CMOD[1:0] = “10,” is intended for the use of three pulse width modulated signals for each 


Free-Running Timer instead of two. If this mode is set to OCU module 1, a match of the timer value with compare register 0 
reverses both OUT2 and OUTS. For the third pulsed signal, the CMOD[1:0] bits of OCU module 0 should be set to “01,”. 


In register OCS1: CMOD[1:0] = “01,” 

OUTO: The level is only reversed by a match with compare register 0. 

OUT1: The level is reversed by a match with compare register 0 or with compare register 1. 
In register OCS3: CMOD[1:0] = “10,” 

OUT2: The level is reversed by a match with compare register 0 or with compare register 2. 
OUTS: The level is reversed by a match with compare register 0 or with compare register 3. 


For OUT4, OUT5, OUT6 and OUT7, compare register 4 plays the same role as compare register 0 above. 
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Figure 14-15. Output waveform when OCS1:CMOD[1:0] = "01_" and OCS3:CMOD[1:0] = "10," 


Counter value 
FRRR GQ beceeee tees te teem dee gia te eee eee Cee dee ee eet a ae 
BFFFy, 
7FFFy 
3FFFy - a 
0000}, : } | 
I | I 
I | Ll 
Reset I I I 
I ! I 
OCCPO value 1 BFFFy | 
I I | 
OCCP1 value i 7FFFH i 
T T T T T 
OCCP2 value oF a | 
OCCP3 value SFFFy 
I | 
OUTO 
OUT1 | i 4 
I I 
OUT2  _—_—_—__s_i I i 
I I ->——— 
OUT3 
Note: In this figure, the initial value is "O" for all pins. Timer reset is by match with compare register 0. 


14.4.3.4 | Sample output waveform when CMOD/1:0] = "11," 


When CMODf[1:0] = “11”, the output level of the OUT3 (OUT7) pin is reversed by the compare registers 0, 2 or 3 (4, 6 or 7). 
For the pin OUT1 (OUTS), this setting is identical to CMOD[1:0] = “01,” (see also Table 14-5) 


OUTO: The level is only reversed by a match with compare register 0. 

OUT1: The level is reversed by a match with compare register 0 or with compare register 1. 

OUT2: The level is reversed by a match with compare register 0 or with compare register 2. 

OUTS: The level is reversed by a match with compare register 0, compare register 2 or with compare register 3. 


For OUT4, OUT5, OUT6 and OUT7, compare register 4 plays the same role as compare register 0 above. 
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Figure 14-16. Output waveform when OCS1:CMODf[1:0] = "11," and OCS3:CMODf[1:0] = "11.5" 


Counter value 
al lt SR ee ee ee ee 
BFFFy, 
7FFFY 
3FFF,, 
00001, 


Reset 
OCCPO0 value 
OCCP1 value 
OCCP2 value 
OCCP3 value 


I 
I 
| 
I 
I 
I 
I 
BFFFy 
] 
] 
T 
t 
4 
4 
| 
| 


OUTO 


OUT1 | i | | 


ouT2 , EH = 
OUTZ) CFC LE | | (aes one 


Note: In this figure, the initial value is "O" for all pins. Timer reset is by match with compare register 0. 


14.4.3.5 Output compare timing 


In output compare operation, a compare match signal is generated when the Free-Running Timer value matches the speci- 
fied compare register value. The output value can be reversed and an interrupt can be issued. The output reverse timing 
upon a compare match is synchronized with the counter timing. 


Compare operation upon update of compare register 


When the compare register is updated, comparison with the counter value is not performed. 


Interrupt timing 


Figure 14-17. Interrupt timing 


b | [| 


Counter value N N+1 


Compare register N 
value 


Compare match 


Interrupt 
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Output pin change timing 
Figure 14-18. Output pin change timing 


Counter value N XNA XK N X__N+t XX 


Compare register N 
value 


Compare match 
signal 


Pin output 


14.5 Input Capture Unit 

The Input Capture Unit (ICU) detects a rising or falling edge or both edges of an external input signal and stores a 16-bit Free- 
Running Timer value at that time in a register. In addition, the Input Capture Unit can generate an interrupt upon detection of 
an edge. One Input Capture Unit consists of two input capture registers and one control register. 

Features of the Input Capture Unit 


m The valid edge of an external input can be selected from the following three types: 


Table 14-6. Types of external input edges 


a 


mg Aninterrupt can be generated upon detection of a valid edge of an external input. 


Input Capture Unit block diagram 
Figure 14-19 shows a block diagram of the Input Capture Unit. 
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Figure 14-19. Input Capture Unit block diagram 


Capture data register 0 


Count value from Free-Running Timer 


Bus 


Edge detection 


Capture data register 1 


| IcP1 | ICPo 


ICE1 


Note: The figure above is also valid for Input Capture Unit 2/3.... 


+> Interrupt 
>> Interrupt 


14.5.1. Input Capture Unit Register Details 


The Input Capture Unit is configured by the Control Status Register (ICS(2n)(2n+1)) and the Edge Register (ICE(2n)(2n+1)). 


The Input Capture Unit has a 16bit data register (IPCPn). This register stores a value from the 16-bit Free-Running Timer 
when a valid edge of the corresponding external pin input waveform is detected. For data consistency, it should be accessed 


only in word mode. 


Input Capture Data Register (IPCPn) 
Figure 14-20. Input Capture Data Register (IPCPn) 


R_: Read only 


Remark: 


15 14 13 12 11 10 9 8 7 6 5 4 8 1 0 IPCPn 
R R R R R R R R R R R R R R R Initial value 


XXXXXXXXXXXXXXXXe 


m= 0;°4,.2) 22. 


For consistency of data in the upper and lower byte, always read this register in word-mode. 
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Input Capture Control Status Register (ICS(2n)(2n+1)) 
Figure 14-21. Input Capture Control Status Register (ICS(2n)(2n+1)) 


R/W : Readable and writable 


[ : Initial value 


7 6 5 4 3 2 1 0 
le[fe[=fs[=]ee] 0800000, 


R/W R/W R/W R/W R/W R/WR/W R/W 


apes ICP(2n+1) 


ICS(2n)(2n+1) 


initial value 


No edge detection ~ 
Rising edge detection 
Falling edge detection 
Both edges detection 


No edge detection (stop) 
Rising edge detection 
Falling edge detection 
Both edges detection 


ICE(2n) Interrupt Enable Bit (Input Capture 2n) 
0 Disable Interrupt 
1 Enable Interrupt 
bitS 
ICE(2n+1)]} Interrupt Enable Bit (Input Capture (2n+1)) 


0 Disable Interrupt 
ft Enable Interrupt 


Interrupt request flag bit (Input Capture 2n) 
Read Write 
No edge detected Clear this bit 
Edge detected No effect 


Interrupt request flag bit (Input Capture (2n+1)) 
Read Write 


0 No edge detected Clear this bit 
1 Edge detected No effect 


n=0, 1, 2, ... 


Remark: 


The suffix "n" denotes the Input Capture Unit number (0, 1, 2, ...). The register name and the bit names are composed by the 


register/bit tyoe name and the suffix. For example: 


m= for Input Capture Unit 0: n = 0, hence ICS01 has bits EGO1, EGO0, EG11, EG10, ICEO, ICE1, ICPO, ICP1 
m= for Input Capture Unit 1: n = 1, hence ICS23 has bits EG21, EG20, EG21, EG20, ICE2, ICE3, ICP2, ICP3 


m etc. 


320 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


= EMBEDDED IN TOMORROW 


16-Bit I/O Timer 


Table 14-7. Input Capture Unit Control Status Register bits 


Bit name Function 


ICP(2n+1): 


Interrupt request flag bit (Input 
capture 2n+1) 


This bit is used as interrupt request flag for Input Capture Unit n, second channel. 
"1" is set to this bit upon detection of a valid edge of an external input pin. 


While the interrupt enable bit (ICE(2n+1)) is set, an interrupt can be generated upon detection of a valid 
edge. 


Writing "0" will clear this bit. 
Writing "1" has no effect. 
In read-modify-write operation, "1" is always read. 


ICP(2n): 


Interrupt request flag bit (Input 
capture 2n) 


This bit is used as interrupt request flag for Input Capture Unit n, first channel. 
"1" is set to this bit upon detection of a valid edge of an external input pin. 


While the interrupt enable bit (ICE(2n)) is set, an interrupt can be generated upon detection of a valid 
edge. 


Writing "0" will clear this bit. 
Writing "1" has no effect. 
In read-modify-write operation, "1" is always read. 


ICE(2n+1): 


Interrupt request enable bit 
(Input capture 2n+1) 


This bit is used to enable input capture interrupt request for Input Capture Unit n, second channel. 


While “1” is written to this bit, an input capture interrupt is generated when the interrupt flag (ICP(2n+1)) is 
set. 


ICE(2n): 


Interrupt request enable bit 
(Input capture 2n) 


This bit is used to enable input capture interrupt request for Input Capture Unit n, first channel. 


While “1” is written to this bit, an input capture interrupt is generated when the interrupt flag (ICP(2n)) is 
set. 


EG(2n+1)1, EG(2n+1)0 


These bits are used to specify the valid edge polarity of an external input for Input Capture Unit n, second 
channel 


These bits are also used to enable input capture operation 


EG(2n)1, EG(2n)0 


These bits are used to specify the valid edge polarity of an external input for Input Capture Unit n, first 
channel. 


These bits are also used to enable input capture operation 


The suffix n = 0, 1, 2, 3, ... denotes the Input Capture Unit number. The bit names are composed by their type name and the suffix. Hence, for 
n=0:ICP1, ICPO, ICE1, ICEO, EG11, EG10, EG01, EG00 
n=1:ICP3, ICP2, ICE3, ICE2, EG31, EG30, EG21, EG20 etc. 


Input Capture Unit Edge Register (ICE(2n)(2n+1)) 


The Input Capture Unit Edge Register (ICE(2n)(2n+1)) contain device dependent configuration bits. These registers are 
described in Chapter Input Capture Unit Source Select for LIN-USART on page 27. 
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Figure 14-22. Input Capture Unit Edge Register (ICE(2n)(2n+1)) 


15 14 13 12 11 10 9 8 
es |res [res | pes] pes es ert fe ene ee 
RES | RES | RES | RES | RES | RES |IEI(2n+1)IEl(2n) 
XXXXXX00B 
- = = ss UROOR : 
bit8 
IEI(2n) Input capture valid edge indication bit for ICUO 
0 falling edge detected 
rising edge detected 
bit9 
IEl(2n+1) | Input capture valid edge indication bit for ICU1 
0 falling edge detected 
1 rising edge detected 
bit10-15 
Po | teserved bit 
Some bits contain device specific configuration bits. 
For details, see Chapter 1. For other bits: 
read value is undefined, write always 0 
read modify instructions are not affected 
xX : undefined value 
R : Read only n=0, 1, 2, 3... 


Table 14-8. Input Capture Unit Edge Register bits (upper and lower) 


bit15 to 10 Some bits contain device specific configuration bits. For details, see Input Capture Unit Source Select for LIN- 
USART on page 27 


+ This bit is the edge indication bit for capture register IPCP(2n+1) to indicate that a rising or falling edge is 
detected. 


"0": falling edge detected. 
"1": rising edge detected. 
This bit is read only. 
Note: The read value is meaningless, if EG(2n+1)1, EG(2n+1)0 = “00”. 
The read value is independent from edge selected by EG(2n+1)1 and EG(2n+1)0 


IEI(2n+1): 
Valid edge indication bit 


This bit is the edge indication bit for capture register IPCPO, IPCP2, IPCP4 and IPCP6 to indicate that a ris- 
ing or falling edge is detected 


"0": falling edge detected. 
"1": rising edge detected. 
This bit is read only. 
Note: The read value is meaningless, if EG(2n)1, EG(2n)0 = “00”. 
The read value is independent from edge selected by EG(2n)1 and EG(2n)0 


1EI(2n): 


Valid edge indication bit 


The suffix n = 0, 1, 2, 3, ... denotes the Input Capture Unit number. The bit names are composed by their type name and the suffix. Hence, for 
n= 0: 1EI1, IEIO 
n= 1: 1EI3, IEI2 etc. 
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14.5.2 16-bit Input Capture Operation 


16-Bit I/O Timer 


In 16-bit Input Capture operation, an interrupt can be generated upon detection of the specified edge, fetching the 16-bit Free- 


Running Timer value and writing it to the capture data register. 


14.5.2.1_ | Example of input capture fetch timing 
m Capture 0: Rising edge 

m Capture 1: Falling edge 

m Capture example: Both edges 


Figure 14-23. Example of Input Capture fetch timing 


Counter value 


IN1 


IN example 


Capture 0 Undefined 3FFRy 


Capture 1 Undefined 


Capture example Undefined 


BFFFy 


Capture 0 _| 
interrupt 


Capture 1 


interrupt 


Capture example 
interrupt 
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14.5.2.2 Input Capture input timing 


Capture timing for input signals 


Figure 14-24. Capture timing for input signals 


; | a ane 

Counter value N N+ 

input ai § Valid edge 

Capture signal 

Capture register x N+1 


Interrupt 
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This chapter explains the functions and operations of the 16-bit Reload Timer (with the Event Count Function). 
15.1 Outline of 16-Bit Reload Timer (with Event Count Function) 


15.2 16-Bit Reload Timer (with Event Count Function) 

15.3 Internal Clock and External Event Counter Operations of 16-bit Reload Timer 
15.4 Underflow Operation of 16-bit Reload Timer 

15.5 Output Pin Functions of 16-bit Reload Timer 

15.6 Counter Operation State 

15.7 Cascading of 16-bit Reload Timers 


15.1 Outline of 16-Bit Reload Timer (with Event Count Function) 


The 16-bit reload timer consists of a 16-bit down-counter, a 16-bit reload register, one input pin (TINn) and one output pin 
(TOTn), and control registers. 


Outline of 16-bit reload timer (with event count function) 


The 16-bit reload timer has the following features 

External and internal clock/event source 

Trigger signal programmable as rising/falling edge or both 

Gated count function 

One-shot or reload counter mode 

Counter state can be made visible at external pin 

Prescaler with 6 different settings for the internal clock and 2 settings for the external clock 


Several Reload Timers can be cascaded to form a longer Reload Timer 


DMA and interrupts 


The timer can generate interrupts which can be used to start DMA transfers. 


Block diagram of 16-bit reload timer 


Figure 15-1 shows a block diagram of the 16-bit reload timer. 
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Figure 15-1. Block diagram of 16-bit reload timer 
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Note: 
The suffix "n" denotes the Reload Timer number. 


The RLT1 output can start conversion of the A/D converter. 


Ls 16-bit reload register TMISR 
op) Reload 
> 1 
aa RELD 
x< : 
L «J 16-bit down-counter |—> detection OUTE 
= : OUTL 
: GATE 
O i our |, INTE 
s 2 =a CTL. | " 
nN UF Q 
LL 
k——— CSL1 
Clock selector s <—| CNTE 
CSLO Re-trigger TRG 
IN CTL Port (TINn) 
EXCK 
Output enable 
Si 53 8 Prescaler SS Port (TOTn) 
ae 2 clear -———_— == 
MOD2 
nee een MODI) |g ig (ent) 
eripheral cloc MODO 
| t 


RLT6 timer can be used as PPG clock source. It does not have TIN/TOT pins but, besides that restriction, it can be used as 


a normal reload timer if not required by the PPG operation. 
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16-Bit Reload Timer (With Event Count Function) 


15.2 16-Bit Reload Timer (with Event Count Function) 


The 16-bit Reload Timer has the following registers: 

m Timer Control Status Register (TMCSRn) 

m 16-bit Timer Register (TMRn) / 16-bit Reload Register (TMRLRn) 
16-bit Reload Timer register 

Figure 15-2. 16-bit Reload Timer register 


15 14 13 12 11 10 9 8 


: TMCSRHn: Timer Control Status Register High byte 
mer | SSE estoy Mone PMc" | Initial value: XXX10000z 


- 7 ms R/W R/IW R/W RW R/W 


TMCSRn 
a 6 5 4 3 2 1 0 
movo | cute | our. | Revo | inte | ur | cnre | tre TMCSRLn: Timer Control Status Register Low byte 
Initial value: 000000008 
RW RW RW RW RW RW RW RW 
1514 13.12 11 10 9 8 
TMRHn: Timer Register High byte 
Initial value: XXXXXXXXg 
R R R R R R R R 
TMRn 
7 6 5 4 3 2 1 0 
TMRLn: Timer Register Low byte 
Initial value: XXXXXXXXpg 
R R R R R R R R 
1514 13 12 11 10 9 8 
TMRLRHn: Timer Reload Register High byte 
Initial value: XXXXXXXXpg 
w w WwW WwW w w w Ww 
TMRLRn 


TMRLRLn: Timer Reload Register Low byte 
Initial value: XXXXXXXX_ 


tuso | 'MISR: Reload Timer Input Select Register 
Initial value: XXO000000, 


TMSS | TMS4 | TMS3 | TMS2 | TMS1 


R/W R/W RAW R/W RW R/IW 


The 8-bit registers TMCSRHn, TMCSRLn can be accessed as 16-bit register TMCSRn. 
The 8-bit registers TMRHn, TMRLn can be accessed as 16-bit register TMRn. 
The 8-bit registers TMRLRHn, TMRLRLn can be accessed as 16-bit register TMRLRn. 
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15.2.1. Timer Control Status Register (TMCSRn) 


The Timer Control Status Register controls the operation mode and interrupts for the 16-bit Reload Timer. 


15.2.1.1. | Register layout of Timer Control Status Register (TMCSRn) 
Figure 15-3. Register layout of Timer Control Status Register (TMCSRn) 


15 14 13 12 11 10 9 8 


TMCSRHn 
eel vee | Initial value: XXX10000g 


FSEL CSL1 


RW R/W RAW R/W R/W 


7 6 5 4 3 2 1 0 


TMCSRLn 
uF | CNTE | TRG Initial value: 00000000, 


MODO | OUTE | OUTL RELD INTE 


R/IW RAW R/W RW RW RW RWW R/W 


- : irrelevant 
x : undefined value 
R/W : Readable and writable 


15.2.1.2 Register contents of Timer Control Status Register (TMCSRn) 


[Bit 12] FSEL (Count clock division control) 
Specifies the count clock division ratio. 

If the FSEL bit is set to "0", the count clock specified by the count clock selection bits (CSL1 and CSLO) is divided by two. 

If the FSEL bit is set to "1", the count clock specified by the count clock selection bits (CSL1 and CSLO) is not divided 
(default). 
[Bits 11, 10] CSL1, CSLO (Clock select 1, 0) 
Specifies the clock/event source and the clock division ratio. 


Table 15-1 lists the selected clock sources for different FSEL and CSLO/1 settings. 


Table 15-1. Clock sources for CSLO/1 and FSEL bit settings 


eo carr r2t oss) 
oo carr r2etoterns) 
Es Ge 


Oca trator) 
carriers) 
oo acre ecusy 
Ca A a Sr 


[Bits 9, 8, 7] MOD2, MOD1, MODO (Operation mode and TINn function) 
These bits set the operation mode and input pin (TINn) functions. 


The MOD2 bit selects the input pin (TINn) function. When MOD2 = "0", the pin TINn is used as a trigger input. In this case, the 
reload register content is loaded to the counter when an active edge is input to the pin TINn and count operation proceeds. 
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When MOD2 = "1", the timer operates in gated counter mode and the pin TINn is used as a gate input. In this mode, the 
counter only counts while an active level is input to the pin TINn. 


Table 15-2 and Table 15-3 list the MOD2/1/0 bit settings. 


Table 15-2. MOD2/1/0 bit settings for internal clock mode (CSLO/1 = “00g”, “01”, or “10p”) 


pe fo fe Trigger disabled Pe 
Rising edge 


Trigger input Falling edge 
Both edges 


Gate input 


Table 15-3. MOD2/1/0 bit settings for event counter mode (CSLO/1 = “11”) 


Rising edge 


Falling edge 


Both edges 


Bits marked as x in the table can be set to any value. 


[Bit 6] OUTE (Output enable) 
If this bit is set to "1", the pin TOTn is used as Reload Timer output. If this bit is set to "0" the timer output TOTn is disabled. 


[Bit 5] OUTL (Output level) 
This bit sets the output level for the TOTn pin. 


[Bit 4] RELD (Reload) 
This bit enables reload operations. 


When RELD is "1", the timer operates in reload mode. In this mode, the timer loads the reload register contents into the 
counter and continues counting whenever an underflow occurs (when the counter value changes from 0000, to FFFFy). 


When RELD is "0", the timer operates in one-shot mode. In this mode, the count operation stops when an underflow occurs 
due to the counter value changing from 0000, to FFFFy. 


Table 15-4. OUTE, OUTL, and RELD settings 


pt fo |__| Output an "H" level pulse during counting. 


Pt ft |__| Output an *L" evel pulse during counting. 
a ee eee Toggle output. Starts with "L" level output. Changes level on timer reload. 
Toggle output. Starts with "H" level output. Changes level on timer reload. 


[Bit 3] INTE (Interrupt enable) 


Timer interrupt request enable bit. 
When INTE is "1", an interrupt request is generated when the UF bit changes to "1". 
When INTE is "0", no interrupt request is generated, even when the UF bit changes to "1". 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 329 


Su CYPRESS 


16-Bit Reload Timer (With Event Count Function) "eam | EMBEDDED IN TOMORROW 


[Bit 2] UF (Underflow) 

Timer interrupt request flag. UF is set to "1" when an underflow occurs (when the counter value changes from 0000, to 
FFFF,). Cleared by writing "0" or by DMA Controller. Writing "1" to this bit has no effect. Read as "1" by read-modify-write 
instructions. 


[Bit 1] CNTE (Count enable) 


Timer count enable bit. Writing "1" to CNTE sets the timer to wait for a trigger. Writing "0" stops count operation. 


[Bit 0] TRG (Trigger) 


Software trigger bit. Writing "1" to TRG applies a software trigger, causing the timer to load the reload register content to the 
counter and starts counting. 

Writing "0" has no effect. Reading always returns "0". Applying a trigger using this register is only valid when CNTE = "1". 
Writing "1" has no effect if CNTE = "0". 


Set this bit in Gate Input mode’ to load the reload register content before counting starts. 


15.2.2 Register Layout of 16-bit Timer Register (TMRn)/16-bit Reload Register (TMRLRn) 


m TMRncontents 


Reading this register returns the count value of the 16-bit Reload Timer. The initial value is undefined. 
m TMRLRn contents 


The 16-bit reload register holds the reload value. The initial value is undefined. 


Register layout of 16-bit timer register (TMRn) 
Figure 15-4. Register layout of 16-bit timer register (TMRn) 


15 14 13 12 11 10 9 8 TMRHx 
XXXXXXXX, 
7 6 5 4 3 2 1 #0 TMRLx 


XXXXXXXX, 


R : Read only 


Xx : Undefined value 
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Register layout of 16-bit reload register (TMRLRn) 
Figure 15-5. Register layout of 16-bit reload register (TMRLRn) 


15 14 13 12 11 10 9 8 TMRLRHx 


XXXXXXXX, 


w Ww W W W W W W 
7 6 5 4 3 2 1 0 TMRLRLx 


XXXXXXXX, 


w w WwW W W W W W 


Ww : Write only 


x : Undefined value 


15.3. Internal Clock and External Event Counter Operations of 16-bit 
Reload Timer 


In internal clock mode, the peripheral clock CLKP1 with different divider settings can be selected as the clock source for oper- 
ating the Reload Timer. The external input pin TINn can be selected as either a trigger input or gate input by a register setting. 


In event counter mode, the TINn pin is used as an external event input pin. Each active edge on this pin (rising, falling or both) 
decrements the counter. 


When FSEL = 0, then each second event is counted. 


Internal clock operation of 16-bit Reload Timer 


Writing "1" to both the CNTE and TRG bits in the control status register enables and starts counting at the same time. Using 
the TRG bit as a trigger input is always available when the timer is enabled (CNTE = "1"), regardless of the operation mode. 


Figure 15-6 shows counter activation and counter operation. 


Figure 15-6. Activation and operation of 16-bit Reload Timer counter 


Count clock 
Reload data x -1 x -1 Xx -1 


Counter 


Data load 


CNTE (bit) 


TRG (bit) 
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Input pin functions of 16-bit Reload Timer (in internal clock mode) 


The TINn pin can be used as either a trigger input or a gate input when an internal clock is selected as the clock source. 
When used as a trigger input, an active edge causes the timer to load the reload register contents and resets the internal 
prescaler. Then, count operation starts. Minimum required pulse width of TIN is 2T + 200ns (T: cycle of peripheral clock 
CLKP1, 200ns is the minimum pulse length non filtered by the input noise filter). 


Figure 15-7 shows the operation of trigger input. 


Figure 15-7. Trigger input operation of 16-bit Reload Timer 


Count clock 


TIN 4 Rising edge detected 


Prescaler clear 


Counter x XXXX x Reload data x 4 x 4 Xx 4 
Load | 


When used as a gate input, the counter only counts while the active level specified by the MODO bit of the control register is 
input to the TINn pin. In this case, the count clock continues to operate unless stopped. The software trigger can be used in 
gate mode, regardless of the gate level. Input a pulse width of at least 2T + 200ns to the TINn pin. Figure 15-8 shows the 
operation of gate input. 


Figure 15-8. Gate input operation of 16-bit Reload Timer 


Count clock 


TIN When MODO = "1" (Count when "H" is input) 


Counter 7 - x - - 4 


External event counter 


When external event count mode is selected, the TIN pin is used as an external event input. The counter counts on the active 
edge specified in the TMCSRn. Input a pulse width of at least 4T + 200ns (T: cycle of peripheral clock CLKP1) to the TINn pin. 


332 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Se CYPRESS 


Name | EMBEDDED IN TOMORROW 16-Bit Reload Timer (With Event Count Function) 


15.4 Underflow Operation of 16-bit Reload Timer 


An underflow is defined for this timer as the time when the counter value changes from 0000, to FFFFy. Therefore, an under- 
flow occurs after (reload register setting + 1) counts. 
Underflow operation of 16-bit Reload Timer 


If the RELD bit in the control status register is "1" and an underflow occurs, the contents of the reload register is loaded into 
the counter and counting continues. 


If the RELD bit in the control status register is "0", counting stops when counter reaches FFFFy. 


The UF bit in the control status register is set when the underflow occurs. If the INTE bit is "1" at this time, an interrupt request 
is generated. 


Figure 15-9 shows the operation when an underflow occurs. 


Figure 15-9. Underflow operation of 16-bit reload timer 


Counter clock | 
Counter ~~ 0000, X Reload data A x A ~*~ “i 


UF flag 


[RELD = 1] 


Counter clock 


Counter SX 0000, XX FFFF 
UF flag ae 


[RELD = 0] 


15.5 Output Pin Functions of 16-bit Reload Timer 


In reload mode, the TOTn pin performs toggle output (inverts at each underflow). In one-shot mode, the TOTn pin is used as 
a pulse output that shows the configured level while the counting is in progress. 


Output pin functions of 16-bit Reload Timer 

The OUTL bit of the control status register sets the output polarity. 

When OUTL = "0", the initial value for toggle output is "L" and the one-shot pulse output is "H" while the count is in progress. 
When OUTL = "1", the output waveforms are opposite. 


Figure 15-10 and Figure 15-11 show the output pin functions. 
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Figure 15-10. Output pin function of 16-bit Reload Timer in reload mode 


Figure 15-11. Output pin function of 16-bit Reload Timer in one-shot mode 


334 


Underflow 


TOT 


OUTE 


CNTE 


Trigger 


Count start 


» 


Level is opposite when 
OUTL = "1" 


General-purpose port 


[RELD=1, OUTL=0] 


Underflow 


TOT 


CNTE 


Trigger 


» 


Level is opposite 
when OUTL = "1" 


General-purpose port 


[RELD=0, OUTL=0] 


t— Waiting for a trigger —+| 
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15.6 


Counter Operation State 


16-Bit Reload Timer (With Event Count Function) 


The counter state is determined by the CNTE bit in the control status register and the internal WAIT signal. Available states 
are: CNTE ="0" and WAIT = "1" (STOP state), CNTE = "1" and WAIT = "1" (WAIT state for trigger), and CNTE = "1" and WAIT 


= "0" (RUN state). 


Counter operation states 


Figure 15-12 shows the transitions between each state. 


Figure 15-12. Counter state transitions 


STOP CNTE=0, WAIT=1 


TIN pin: Input disabled 


UTE=1: Initial value output 


TOT pin: OUTE=0: General-purpose port 
xe] 


Counter: Retains the value while 
counting stopped. 
Value undefined after reset. 


Reset 
CNTE=0 
CNTE=1 
TRG=0 
WAIT CNTE=1, WAIT=1 


——- Siate transitions by hardware 


wees > State transitions by external input 


— State transitions by register access 


CNTE=0 


TIN pin: Only trigger input enabled”! 


RUN 


CNTE=1, WAIT=0 


1,- OUTE=0: General-purpose port 
TOT pin: OUTE=1: Initial value output 


TIN pin: Functions as TIN pin"! 


counting stopped. 


Counter: Retains the value while 


TOT pin: 


OUTE=0: General-purpose port 
OUTE=1: Functions as TOT pin 


RELD e UF 


Counter: Running “2 


External trigger from TIN 


Value undefined after reset until 
load. 
; TRG=1 
L senenets p LOAD | CNTE-1, WAIT=0 


RELD * UF 


Load contents of the reload 
register to the counter. 


Py 
External trigger from TIN 


Load complete 


*1: Before using TIN pin, the corresponding bits of the DDR must be set to ’0’ and PIER register to '1’. 
*2: In Gate Input mode’: Counting can be influenced by TIN. 
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15.7 Cascading of 16-bit Reload Timers 


The cascading of multiple adjacent 16-bit Reload Timers allows the user to create its own n * 16-bit-Reload Timer (Example: 
3 adjacent Reload Timers available on device). 


Cascading overview 
Figure 15-13. Block diagram for cascading of 16-bit Reload Timers (Example for 3 Reload Timers available on device) 


16-bit Reload Timer 0 


detection 


16-bit Reload Timer 5 
; TMCSR5:CSL[1:0] 


TMISR:TMIS5! 


detection 
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Reload Timer Input Select Register (TMISR) 
Figure 15-14. Reload Timer Input Select Register (TMISR) 


7 6 5 4 3 2 1 0 TMISR 

; - | TMISS | TMIS4 | TMIS3 | TMIS2 | TMIS1 | TMISO inital value 

- - R/W R/W RAW R/W R/WR/W XX0000008, 
bitO 


| | 
| 
| 
| .— J TMISO Reload Timer 0 Input Select 
| 
| 0 use TINO as trigger input 
| 
| 
| 
| 


1 use Underflow event of Reload Timer 5 as trigger input 
bit1 
4 -—----4 TMIS1 Reload Timer 1 Input Select 


0 use TIN1 as trigger input 
1 use Underflow event of Reload Timer 0 as trigger input 


bit2 


L TMIS2 Reload Timer 2 Input Select 
0 use TIN2 as trigger input 
1 use Underflow event of Reload Timer 1 as trigger input 


e TMIS3 Reload Timer 3 Input Select 


I use TINS as trigger input 
l use Underflow event of Reload Timer 2 as trigger input 


| L TMIS4 Reload Timer 4 Input Select 


use TIN4 as trigger input 
use Underflow event of Reload Timer 3 as trigger input 


PN a Peg ee Pe oe TMIS5 Reload Timer 5 Input Select 


0 use TIN5 as trigger input 


1 use Underflow event of Reload Timer 4 as trigger input 
R/W : Readable and writable 
Ww : Write only 
x : undefined value 
- : undefined 
: Initial value 


Description of operation 


The first Reload Timer in the chain can either have an internal clock or an external event as counter clock. It can be config- 
ured freely. 

The next Reload Timer and all following in the chain must be set as follows: 

gm TMCSRn:MOD[2:0] = "101" : Gate count mode "H" level 


m TMCSRn:CSL[1:0] = "00" and TMCSRn:FSEL = "1" : CLKP1 is divided by 2 (cf table 16.2-1) but all RLT, except the first 
RLT, are clocked with CLKP1 divided by 2 to make sure that the UF signal, which is CLKP1 period long, is sampled. 


m TMISR:TMISx = "1" : Use underflow signal of preceding timer as count enable signal 


All Reload Timers must be triggered before counting starts to load the reload value and to change the Reload timers to RUN- 
State (see Figure 15-12). 
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This chapter explains the functions and operations of the Programmable Pulse Generator. 
16.1 Outline of Programmable Pulse Generator 


16.2 Registers 
16.3 Operation of Programmable Pulse Generator 
16.4 Cautions 


16.1 Outline of Programmable Pulse Generator 


Programmable Pulse Generators (PPGs) are used to obtain one-shot (rectangular wave) output or pulse width modulation 
(PWM) output. With their software-programmable cycle and duty capability, the PPGs comfortably fit into a broad range of 
applications. 


Features of the Programmable Pulse Generator 
Output waveforms: The PPGs can generate the following kinds of waveforms 


PWM waveform 


Normal polarity: : L IH | L ) L H 


Inverted polarity: HI |L JH] GT 


One-shot waveform (Rectangular wave) 


Normal polarity: —L] H | L 
Inverted polarity: | H | I | H 


Clamped output 
m= Normal polarity: “L” Clamped output 
m Inverted polarity: “H’ Clamped output 


Count clock: Choose from 8 choices: 


m 1, 1/4, 1/16, 1/64 of the peripheral clock (CLKP1) or of Reload Timer 6 underflow (refer to 16-Bit Reload Timer (With 
Event Count Function) on page 325) 


Period: Setting range = Duty value ~ 65535 (specified with a 16-bit register) 
m Period = Count clock x (PCSR register value + 1) 
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m (Example) Count clock = 32MHz(31.25ns), PCSR value = 63999 

m Period = 31.25ns x (63999+1) = 2ms 

Duty: Setting range = 0 ~ Period value (specified with a 16-bit register) 
m Duty = Count clock (PDUT register value + 1) 

Interrupt: Choose from four choices 

m Software trigger or external trigger (TTGx pin) 

m Counter borrow (cycle match) 

m Duty match 

m Counter borrow (cycle match) or duty match 


Activation trigger: 

= Software trigger 

gm Internal trigger 

m External trigger (TTG pins) 


Freely configurable Reload Timer as additional prescalar input 


Simplified block diagram of Programmable Pulse Generator 


Figure 16-1. Simplified block diagram of Programmable Pulse Generator 
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Period value 


IE Reload 


Borrow 


Pin 


Count clock ——_ Down counter Output 
value 
Match Invert 
Latch 
Buffer 


Duty value 


Configuration of Programmable Pulse Generator 


Four Programmable Pulse Generators form a group with common GCN registers. In Figure 16-2 the following notation is 


used: 

m= n=Number of programmable pulse generator 

m g=INT(n/4) group number of programmable pulse generator 

m i=(n MODULUS 4) index of programmable pulse generator within the group. 
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Figure 16-2. Configuration diagram of Programmable Pulse Generator 


MDSE PCNn: bit 13 Period value Duty value 
10 _| PWM operation 


PGMSJOSEL] PCNn: bit 9, bit 0 
|_| | Normal output__| 


| 0 _| 1 [Inverted output 

| 1 | 0 [Clamped L output 

Clamped H output 
T 


CKS1,0 | PCNn: bit 11,10 
ro To {ck | 
)o | 1 [cuKs/4 


| General purpose port 
or other port function 


r1] 0 [Crk 46 
CLKT64 


Output level 
(Latch) 


Compare’ 


\/ PCNn: bit 1 
| 0 | PPG output disabled | 
Prescaler 
RLT6 underflow | Prescaler | PPG output enabled 


CNTE | PCNn: bit 15 TRENT PGNn: bis 


Lo {Stop | 0 | Interrupt disabled 
CKSELI [GCN2g: biti Interrupt enabled 


| 0 _| RLT6 underflow 
CLKP1 


Control 
beh PPGn interrupt 
TSELI3,2,1,0[GCN1g: (biti * 4 + 3,2,1,0) 
1/0 [0] 0 [0 [ENO bit (GCN2q register 


10 _| Restart disabled 
10{0]0]1 | EN1 bit (GCN2q register 


11 __| Restart enabled 


RTRG| PCNn: bit 12 
1 


TOTO 1110 | EN? bit (GCN2g register) ROFL PCNa: bit 4 
rOTO[ 111 [ ENS bit (GCN2g register) | 0__| No interrupt request_| 
10[ 1] 0 [0 | 16-bit Reload Timer 0 


1011 [01 [16-bit Reload Timer 1 Write 0: clear IRQF 


1110] 0]0 | External trigger(g+0) | 
11 {0]0]1 [External trigger(g+1) | 
i {o]1]0 | External trigger(g+2) | 
11 {0 [1] 1 [ External trigger (g +3) 


RS1_ |IRSO [| PCNn: bit 3, bit 2 
| 0 | Software trigger or trigger input 
| 0 | Duty value match 


Counter borrow or duty value match 


GCN2g: bit 0 


2 
GCN2g: bit 2 selection - 
GCN2q: bit 3 11 __| Software trigger | 
ALTO ouput eo 
RLTioutput | 


0 [0 [No effect 
T1_[-0_| Falling edge 


Note: 


This diagram is also valid for the other available PPGs. For configuring RLT6 see 16-Bit Reload Timer (With Event Count 
Function) on page 325. 


RLT6 can be used as a normal RLT if it is not required for the PPG operation. 
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16.2 Registers 


The programmable pulse generator has the following registers: 
PPG Control Status register (PCNn) 

General Control register 1 (GCN1g), one per group of 4 PPGs 
General Control register 2 (GCN2g), one per group of 4 PPGs 
PPG Cycle Setting Register (PCSRn) 

PPG Duty Setting Register (PDUTn) 

PPG Timer Register (PTMRn) 


16.2.1 Register list 
Figure 16-3. Register list 


15 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
[ovte ster | Mose TRG | CKS1 [oxso paws - EGS1 | EGSO}IREN | IRQF | IRS1 | IRSO | OE | OSEL 


PCNn 


15 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


N 
GC 1g TSEL33} TSEL32 |TSEL31 | TSEL30 |TSEL23 | TSEL22|TSEL21 |TSEL20 |TSEL13 | TSEL12] TSEL11 | TSEL10} TSELO3 | TSELO2] TSELO1 | TSELOO 


15 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


GCN2g - | - | - | = foxsets CKSEL2] CKSEL1}CKSELO} =~ | = = | EN3 | EN2 | EN1 | ENO 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PCSRn 


Access: Write only os | D14 | D3 | D12 | Dit | Dt1o | bg | bs | D7 | Dé | D5 | D4 | bs | pe | bt | Do 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PDUTn ons | D14 | D13 | D12 | Di1 | D10 | Dg D8 | D7 Dé | D5 D4 | D3 | D2 D1 | DO 
Access: Write only 


15 14 13 1 11 10 9 


2 8 7 6 5 4 3 2 1 0 
Feagony 2%] 04 [ore [ov [ on [ovo | 00 | oe | o7 | oe | os | 0 | 
Access: Read only DIS: DUA Ds || Ble.) Pup a ES eis fos | oe | or | 0 | 


Note: n denotes an individual PPG, g denotes the corresponding groupof 4 PPGs. 
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16.2.2 PPG Control Status register (PCNn) 


The PPG Control Status register (PCNn) controls the operations and status of the PPG. 
Figure 16-4. PPG Control Status register (PCNn) 


14 #1 


15 3 12 11 10 9 8 
fone [ston [wose| rs [os] res] | 
Access: R/W RO/W R/W R/W RW R/W R/W Rx/Wx 
Initial value: 0 0 0 0 0 0 0 x 


Rewrite during 
operation: Oo Oo X X xX X X 


PCNHn 


PCNLn rs 6 5 4 3 2 1 0 
[ess EGSO| IREN IRQF | IRS1 [1aso OE [ose 


Access: R/W R/W R/W R(RM1) R/W R/W R/WEOPR/W 
IW 
Initial value: 0 0 0 0 0 0 0 0 


Rewrite during 
operation: X xX Oo O X xX Oo X 


R/W : Readable and writable 
x : Undefined 

O_ : Rewritable 

X : Not writable 


Bit 15: Timer enable operation 


Ps 


This bit enables the operation of the PPG. 


Bit 14: Software trigger 


STOR 
a The operation is unaffected by writing (The read value is always “O”). 
Software trigger activation 


When the Software Trigger bit is set to “1”, a software trigger is generated to activate the PPG, separately from the generation 
of an internal or external trigger (EN bit, reload timer output, TTG input). This trigger is independent from setting of the edge 


selection bits EGS1 and EGSO. 


Bit 13: Mode selection 


Mose foe 
| oo PWM operation 


One-shot operation 


When the Mode Selection bit is set to “O”, a PWM operation is enabled to generate pulses in sequence. 


When the Mode Selection bit is set to “1”, pulse output takes place only once. 
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Bit 12: Restart enable 


= Ge | Disable restart. 


Enable restart. 


When the Enable Restart bit is set to “1”, a trigger (Software/internal/external) will restart the PPG operation (depending on 
the configuration of the triggers). 


Bits 11-10: Counter clock selection 


Poo Gor sotoctedty cKSEL_ 
ps Glock selector by CKSEL divided by 4 
ps Gilock setector by CKSEL divided by 16 


Bit 9: PPG output mask selection 


| oo No output mask 


Output mask (Output “L” level latched:OSEL="0") 


When the PPG Output Mask Selection bit is set to “1”, the PPG output can be clamped at “L” or “H” regardless of the mode, 
cycle, and duty settings. 


The output level can be specified using the Output Polarity Specification bit (PCN:OSEL). 


Bit 8: Undefined 


Write always 0. The read value is undefined. Read-modify write is not affected. 


Bits 7-6: Trigger input edge selection 


EGS1 EGSO Selected Edge 
foo | oo | no edge selected, triggering of PPG only possible by PCNHn:STRG 


poo fs Rising edge 
poi | Falling edge 
Both edges (rising edge, or, falling edge) 


When EGS1=0 and EGSO=0, the PPG can only be triggered by PCNn:STRG. The triggers EN[3:0], Reload timer and external 
triggers are disabled for PPGn. 


The other settings of EGS1 and EGSO effect only the triggers EN[3:0], Reload timer and external triggers. Writing ’1’ to 
PCNn:STRG triggers the corresponding PPG independent of the setting of PCNn:EGS1 and PCNn:EGSO. 


Bit 5: Interrupt request enable. 


| 0 | Disable interrupt requests. 


Enable interrupt requests. 
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Bit 4: interrupt request flag 


IRQF Read Operation Write Operation 
= <i: | No interrupt request Clear the Interrupt Request flag. 


Interrupt request Writing "1" has no effect. 


If the Interrupt Request flag (IRQF) equals “1” and writing “O” to the flag take place at the same time, the setting of the Inter- 
rupt Request flag (IRQF=“1”) by hardware has higher priority. 


Bit 3-2: Interrupt cause selection 


Poo Po Software trigger or external triggerinput 
pn Sounteriborrow 
The counter matches the duty value 


Select the operation in which to generate an interrupt request. 


Bit 1: PPG output enable 


fo Output disabled 
Output enabled 


Bit 0: PPG output polarity specification 


| 0 | Normal polarity 


Inverted polarity 


When the PPG Output Mask Selection bit (PCN:PGMS) has been set to “1”, if the Output Polarity Specification bit (OSEL) is 
set to “0”, the output is clamped at “L”; if the Output Polarity Specification bit is set to “1”, the output is clamped at “H”. 


16.2.3 General Control Register 1 (GCN1g) 
The General Control Register 1 (GCN1g) selects a trigger input to a PPG group of 4 PPGs. 
Figure 16-5. General Control Register 1 (GCN1g) 


GCN1Hg 15 14 #13 12 = «11 10 9 8 
TSEL33| TSEL32 [rseus TsEL20)TSEL23 [rset TSEL21 fseiz0 


Access: R/W R/W R/W R/W R/W RW R/W R/W 
Initial value: 0 0 1 1 0 0 1 0 


GCN1 Lg 7 6 5 4 3 2 1 0 
[rsetts rse.te} Tse. TSEL10 Tse] T3EL0e TSELO1 [Fseto0 


Access: R/W R/IW R/W RW RIW RW RW RW 
Initial value: 0 0 0 1 0 0 0 0 


R/W : Readable and writable 
x : undefined 
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In the following table, the index "i" denotes the PPG channel number within the group of PPGs (i = 0, 1, 2, or 3). 


Poo Tt it ENO I GONZ register) 
pi ENT it (GCNZ register) 
ps ENR it (GCNZ register) 
Pi ENS It GNA register) 
Ps Bit Feloadtimer Output 


ps 6 it Feload timers output 
ps External trigger (g4) 
Extra trigger (gt) 
Extra trigger (2) 
ps Extornat trigger g 3) 


PPGO to PPGn as selected are activated when the edge specified by the Trigger Input Edge Selection bits (PCNn:EGS[1 :0]) 
are detected by the specified activation trigger. 


16.2.4 |General Control Register 2 (GCN2g) 
The General Control Register 2 (GCN2x) generates internal trigger levels using software for a PPG block of 4 PPGs. 
Figure 16-6. General Control Register 2 (GCN2g) 


GCN2Hg 15 14 #13 #12 =~ «11 10 9 8 
= | = = -  |CKSEL3 oxsexa] oxset oxseto| 


Access: R/WO R/WO R/WO R/WO R/W R/W R/WR/W 
Initial value: x x x x 0 0 0 0 


GCN2Lg vi 6 5 4 3 2 1 0 
-[- - | - [6 ene | ent ew | 


Access: R/WO R/WO R/WO R/WO R/W RW RW R/W 
Initial value: x x x x 0 0 0 0 


R/W : Readable and writable 
x : undefined 


Bits 15-12: Undefined 


Always write “0”. The read value is undefined. Read-modify-write is not affected. 


Bits 11-8: Prescalar input selection 


Use RLT6 as prescaler input 


Bits 7-4: Undefined 


Always write “0”. The read value is undefined. Read-modify-write is not affected. 
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Bit 3-0: EN trigger input 


ENO..3 Internal Triggers ENO, EN1, EN2, and EN3 
a Set the level to "L”, 


Set the level to “H’ 


Set the levels of internal triggers ENO, EN1, EN2 and ENS. 


If any of the EN trigger inputs (ENO, EN1, EN2, EN3) is selected with the trigger specification bits (GCN1g:TSELO[3:0], 
GCN1g:TSEL1[3:0], GON1g:TSEL2[3:0], and GCN1g:TSEL3[3:0]) of PPGn, then the selected EN serves as a PPG trigger 
input bit. 


If the state selected with the trigger input edge selection bit (EGS[1:0]) is generated by software using the trigger input bit 
(selected ENO, EN1, EN2, or EN3), the choice serves as an activation trigger to activate the PPG. 

16.2.5 PPG Cycle Setting Register (PCSRn) 

The PPG Cycle Setting Register (PCSRn) controls the cycle of the PPG. 

Figure 16-7. PPG Cycle Setting Register (PCSRn) 


PCSRHn 15 14. 13 12 11 10 ) 8 
[ois [ow [ow [ow [on [ow |» | a 

Access: W Ww Ww WwW Ww Ww Ww Ww 

Initial value: x x x x x x x x 

PCSRLn ¢ 6 5 4 3 2 1 0 


Access: W Ww Ww Ww WwW Ww Ww WwW 
Initial value: x x x x x x x x 


W : Write only 
x : undefined 


The PPG Period Setting registers come with buffers. Transfers from the buffers to the counter take place automatically upon 
counter borrow. 


After the PPG Period Setting registers have been written, be sure to set PPG Duty Setting registers PDUT. 
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16.2.6 PPG Duty Setting Register (PDUTn) 
The PPG Duty Setting Register (PDUTn) sets the duty of the PPG output waveform. 
Figure 16-8. PPG Duty Setting Register (PDUTn) 


PDUTHn 15 14 13 12 11 10 9 8 


Access: W Ww Ww Ww WwW WwW WwW Ww 


Initial value: x x x x x x x x 
PDUTLn 7 6 5 4 3 2 1 0 
[ov | os | os | o+ | oe | ve | os | oo | 
Access: W WwW Ww WwW Ww Ww WwW WwW 
Initial value: x x x Xx x x x x 
W : Write only 


x ‘undefined 


The PPG Duty Setting Registers are buffered. Transfers from the buffers to the counter take place automatically upon counter 
borrow. 


Set a value smaller than the setting of PPG Period Setting register PCSR in a PPG Duty Setting register. 


If the same value is set in a PPG Duty Setting register as is set in PPG Period Setting register PCSR, then 
mu “H’ is always output to (OSEL="0”) at normal polarity time. 

m “L’ is always output to (OSEL="1”) at inverted polarity time. 

m (The OSEL bit is an output polarity specification bit of the PPG control register PCN.) 


16.2.7. PPG Timer Register (PTMRn) 
The PPG Timer Register (PTMRn) reads the counts of PPGn. 
Figure 16-9. PPG Timer Register (PTMRn) 


PTMRHn 15 14 13 12 11 10 9 8 
os | D14 | D13 | Di2 | D11 [ p10 | D9 D8 | 


Access: R R R R R R R R 
Initial value: 1 1 1 1 1 1 1 1 


PTMRLn 7 6 5 4 3 2 1 


Access: R R R R R R R R 
Initial value: 1 1 1 1 1 1 1 1 


R_ : Read only, write has no effect 
x :undefined 


The count of the 16-bit down counter can be read. 
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16.3. Operation of Programmable Pulse Generator 


The Programmable Pulse generators (PPGs) provide programmable pulse output independently or jointly. The individual 
modes of operation are described below 


16.3.1. PWM Operation 


In PWM operation, variable-duty pulses are generated from the PPG pin. 


(3) 
‘ Enable count 


CNTE =] 
( 


Activation trigger 


4) 


(D) 


PCSRX 8000 X | 8000 
pout _X 0007 ¥ 0005 
(2) Write (6) Rewrite 
Buffer ¥ 8000 ¥ 8000 
(Cycle value) (5), Load 13) Load Reload 
Buffer 0007 0005 
(Duty value) J 
Down count (5)Load (13) Load Reload 
value 
(PTMR) 1 Down count TWh. Th 
0007 -j----------- (8) itch 
! 
0005 -jJ------------- I- ia) eae ay Bene nes en as at ee ea Match 
] (10) Dawn count I I 
I I I 
i | 
I 
T T t > 
4 (11)! Borrow I ; Borrow I 
! ! I 
v v v ¥ v 
PPG pin output (9) Invert (12) Clear Invert___Clear Invert 
Normal <—____—__»> 
polarity Duty 
Inverted Cycle 
polarity 
Interrupt t t t t t 
cause Effective edge Counter borrow Counter borrow 
Duty match Duty match 


1) Write a cycle value. 

2) Write a duty value and transfer the cycle value to buffers. 
3) Enable PPG operation. 

4) Generate an activation trigger. 

5) Load the cycle and duty values. 


8) The down counter equals the duty value. 
9) Inverses the PPG pin output level. 


) 
) 
) 
) 
) 
6) Rewrite the duty value and transfer the cycle value to buffers. 
) 
) 
) 
0) Counter down count. 
1 


( 
( 
( 
( 
( 
( 
(7) Counter down count. 
( 
( 
( 
( 
( 
( 
( 


) Counter borrow. 
2) Clear the PPG pin output level (return to normal). 
3) Reload the cycle value. 
4) 


1 
1 
1 
1 
14) Reload the duty value. 
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m (15) Steps from (7) to (14) are iterated. 


m Equation: 

Period = {Period value (PCSR) + 1} x Count clock 

Duty = {Duty value (PDUT) + 1} x Count clock 

Width up to pulse output = {Period value (PCSR) — Duty value (PDUT)} x Count clock 


q 


4 


q 


16.3.2 


One-Shot Operation 


In one-shot operation, one-shot pulses are generated from the PPG pin. 


( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
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3B 
Enable count 


CNTE 


(4) 
Activation trigger [| 


(1) 
PCSR X 8000 


Buffer 
(Cycle value) 


Buffer 0007 
(Duty value) 
Down count a (5) Load 
value (6) Down count 
(PTMR) ly 
0007 at e5aoe tek iD Mateh 
! 
! (8) Down count 
! 
I 
I 
l 
T @ >: 
(1) Borrow 
I 
v v 
PPG pin output (9) Invert (11) Clear 
Normal ——- ——-* 
polarity Duty 
Inverted Cycle 
polarity | 
Interrupt t t t 
cause Effective edge Counter borrow 
Duty match 


1) Write a cycle value. 

2) Write a duty value and transfer the cycle value to buffers. 
3) Enable PPG operation. 

4) Generate an activation trigger. 

5) Load the cycle and duty values. 

6 
7) The down counter equals the duty value. 


Counter down count. 


8) Inverses the PPG pin output level. 
9) Counter down count. 
10) Counter borrow. 


aun’ 
ws 


CYPRESS 
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(11) Clear the PPG pin output level (return to normal). 


rT] 
m (12) The operating sequence is now completed 


16.3.3 Restart Operation 


The restart operation is described below: 


Restart available in PWM operation: 


Rising edge detection _Restarted by the trigger 
Trigger P fe 


N = duty, T = cycle 


Restart available in one-shot operation: 
pea geen Restarted by the trigger 


Trigger 


If a restart is not available, the second and subsequent triggers have no effect in both PWM and one-shot operations. (The 
second and subsequent triggers following a shutdown of the down counter are functional). 
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16.4 Cautions 


This section describes the cautions to be considered while using the programmable pulse generator 


Cautions 


If the Interrupt Request flag (PCN:IRQF) equals “1” and the Interrupt Request flag is set to “O” at the same timing, the set- 
ting of the Interrupt Request flag to “1” overrides the flag clear request. 

The first load has a maximum delay of 2.5T after the activation trigger. (T: Count clock) 

If the down counter is loaded and counts at the same time, the load operation overrides. 


Trigger 
»-Maximum 2.51 
Load 


Clock [| l 1 


Count value X ¥ 0003 Kk 0002 \ 0001 X 0000 X 0003 X 0002 
PPG 
Interrupt ii t * 


Effective edge Duty match Counter borrow 


Be sure to write duty value PDUT after cycle PCSR has been initialized and rewritten. 

(Always write in the order of (1) PCSR and (2) PDUT). 

Only the PDUT can be written for rewriting the duty. 

The duty value PDUT must be equal or smaller than the cycle value PCSR. If any larger value has been set, disable the 
operation of the PPG before replacing the duty value with a smaller value. 

Always access PPG Period Setting registers PCSR and PPG Duty Setting registers PDUT in a word (16-bit) format. If 
these registers are byte-accessed, no values would be written to their upper and lower bit positions. 

To activate a PPG, it is necessary to set the Timer Operation Enable bits (PCN:CNTE) to “1” before or concurrently with 
the activation to enable the PPG operation. 

The values of mode (MDSE), restart enable (RTRG), count clock (CKS[1:0]), trigger input edge (EGS[1:0]), interrupt 
cause (IRS), internal trigger (TSEL), and output polarity specification (OSEL) may not be changed while the PPG is oper- 
ating. 

If any of these values has been changed while the PPG was operating, disable the operation of the PPG before reloading 
the register. 

Whenever writing a value to GCN2, be sure to write “O” to any undefined part of the upper 4 bits. 

If “1” is written, disable the operation of the PPG before reloading the register. 

If Activation Trigger Specification bits (TSELO[3:0]), (TSEL1[3:0]), (TSEL2[3:0]), (TSEL3[3:0]) have been set to any value 
outside the specified range (0110, 0111, 1000 - 1111), disable the operation of the PPG and then write the specified value 
to let the register return to normal. 

If the Timer Operation Enable bit (PCN:CNTE) is set to "0" to disable PPGn while it is operating, the PPG stops and PPG 
output level is set back to the default value (low level if PCN:OSEL bit is set to "0" or high level if PCN:OSEL bit is set to 
ba | He 

To activate PPG operation again, PCN:CNTE bit has to be set to "1" and after providing the selected PPG trigger the PPG 
counter is loaded with PPG cycle value and PPG pulse generation is re-started. 
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This chapter explains the functions and operations of the External Interrupts. 
17.1 Outline of External Interrupts 


17.2 External Interrupt Registers 


17.3 Notes on using the External Interrupt functions 


17.1 Outline of External Interrupts 

The External Interrupt detects a signal input to an external interrupt pin and generates an interrupt request. 

External interrupts 

For an external interrupt request, four request levels are available: "H", "L", rising edge, and falling edge are available. 


Block diagram of External Interrupts 


Figure 17-1. Block diagram of External interrupts 


Edge 
Pin INTn +——t detection —~——+ Interrupt request 
circuit 
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External interrupts registers 


ENIRO bit 7 6 5 4 3 2 { 0 Initial value 
| EN7 | EN6 | EN5 | EN4] EN3 | EN2] EN1/) ENO | 00000000 B 

ENIR1 bit 7 6 5 4 3 2 1 0 
EN15| EN14} EN13| EN12| EN11| EN10] EN9| EN8 00000000 pg 

BInRG bit 15 14,013 121 10 9 8 
ER7 | ER6) ER5 | ER4| ER3 | ER2| ER1| ERO 00000000 B 

EIRR1 bit 15 14 13 12 14 10 9 8 
ER15| ER14|ER13 | ER12/ ER11 | ER10. ERQ]| ER8 00000000 B 

ELVRO bit 7 6 5 4 3 2 1 0 
LB3 | LAS | LB2 | LA2 | LB1 | LAt LBO | LAO 00000000 B 

ELVRO bit 15 14 13 12 14 10 9 8 
LB7 | LA7 | LB6 | LA6 | LBS | LAS LB4 | LA4 00000000 B 

ELVR1 bit 7 6 5 4 3 2 1 0 
LB11| LA11| LB10) LA10] LB9 LA9 | LB8 | LA8 00000000 gB 

eet bit 15 14 13 12 11 10 9 8 
LB15| LA15 | LB14} LA14) LB13 | LA13 | LB12/LA12 00000000 B 
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17.2 External Interrupt Registers 


The External Interrupt mdule has the following registers: 

mg = Interrupt Enable register (ENIRn: External Interrupt Request Enable Register) 
mg = Interrupt flag (EIRRn: External Interrupt Request Register) 

m Request level setting register (ELVRn: External Level Register) 


Interrupt Enable Register (ENIRn: External Interrupt Request Enable Register) 
Figure 17-2. External Interrupt Request Enable Register (ENIRn) 


6 5 4 3 2 1 0 Initial value 
EN7 EN6 EN5 EN4 EN3 EN2 EN1 ENO | 00000000g 


ENIRO 


RW RW RW RW RW RW R/W R/W 


ENIR1 
EN14 ae EN12| EN11| EN10 at 000000003 


R/IW R/W R/W R/W R/W R/W R/W R/W 
R/W : Readable and writable 


The ENIRn register contains the interrupt enable bits of the external interrupt module. When an ENx bit is enabled, an inter- 
rupt request is signaled if the specified interrupt event is detected at the corresponding pin. Writing "1" to these bits enables 
and writing "0" disables interrupt requests. 

Note: 

When an interrupt should be enabled, please also set the corresponding port’s Port Input Enable Register PIER (please refer to 
section Port Input Enable Register (PIERnn) on page 292). 

Interrupt flags (EIRRn: External Interrupt Request Register) 


Figure 17-3. External Interrupt Request Register (EIRRn) 
Initial value 


00000000 pg 


Rw RW RW RW RW RW RW RW 
15 14, 13121 S10 o 6 levels 


ER15| ER14 |} ER13; ER12} ERi1; ER10 | ERQ | ER8 00000000 p 


R/W R/W R/W R/W RW R/W R/W R/W 
R/W : Readable and writable 


The EIRRn register contains the interrupt flags. 


If the specified interrupt event is detected at a pin, the corresponding ERx bit is set and if the ENx bit is "1", then an interrupt 
request is signaled to the interrupt controller. Writing "1" to these bits has no effect and writing "0" clears the flags. "1" is 
always read from these bits by the read-modify-write instructions. 


Note: 


When clearing the interrupt flag, make sure to clear the flag which caused the interrupt alone but not others. 
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Request level setting register (ELVRn: External Interrupt Level Register) 


Figure 17-4. External Interrupt Level Register (ELVRn) 


ELVRO 7 6 5 4 3 2 1 0 Initial value 
LB3 | LAS LB2 | LA2 | LB1 LA1 LBO | LAO 00000000, 


RW R/W RAW RW R/W R/W R/W R/W 
15 14 13 12 11 10 iS] 8 
LB7 | LA7 | LB6 | LA6 | LB5 LAS LB4 | LA4 00000000, 


R/V R/W R/W R/W RW R/W R/W R/W 


ELVR1 7 6 5 4 3 2 1 0 
LB11]) LA11 | LB10]) LA10;} LB9 LAQ LB8 | LA8 00000000 


RW R/W R/W RW R/W R/W R/W R/W ° 
15 14 13 12 11 10 9 8 
LB15| LA15| LB14| LA14) LB13} LA13 | LB12] LA12}; 00000000 


R/IW R/W- R/W R/W R/W R/W R/V R/W : 
R/W : Readable and writable 


ELVRn defines the request event at the external pin. Each pin is assigned with two bits as described in Table 17-1. If a 
request is detected by the input level, the interrupt flag is set as long as the input is at the specified level even after the flag is 
reset by software. 


Table 17-1. Interrupt request detection factor for external pins 


Interrupt request detection factor 


L level pin input 


H level pin input 


Rising edge pin input 
Falling edge pin input 


17.3 Notes on using the External Interrupt functions 


The following points must be considered to use the External Interrupt function. 
= Conditions on the behavior of external circuit for use of DMA 

m Clearing interrupt flag 

m External interrupt request level 


Conditions on the behavior of external circuit for use of DMA 


m Anexternal circuit which uses DMA must be able to inactivate the request signal when the requested DMA transfer is per- 
formed. For the correct usage of external interrupts to start DMA transfers please refer to application note mcu-an- 
300203-e. 


Clearing interrupt flag 


m When it is used as an external interrupt the interrupt flag must be cleared within the interrupt service routine. Otherwise 
the same service is performed again after the completion of the first interrupt service. 


356 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Ge CYPR ES S External Interrupts 


ce EMBEDDED IN TOMORROW 


mu When level detection is specified as the event input, the interrupt flag is set again even after it is cleared as long as the 
active level is kept at the input pin. In this case, the external cause of the request should be cleared or the interrupt enable 


bit should be cleared. 


External interrupt request level 

m When edge detection is specified as the event input, the pulse of the input signal must have a minimum width to be recog- 
nized as an input edge and not be filtered by the noise filter. See datasheet of the specific device for the minimum pulse 
width length. 

m= When level detection is specified as the event input, the interrupt flag keeps active status once the specified level is input 
even after the input signal changes to the inactive level as shown in Figure 17-6. In order to clear the request, the interrupt 
flag must be cleared. 


Figure 17-5. Clearing interrupt cause register upon level set 


To interrupt 


i | Interrupt fla 
Level detection —+ Interrupt cause ;———>} (interrupt cause Teaislen ———>_ Interrupt enable ooriroller 


The cause is kept held unless cleared. 


Figure 17-6. Interrupt cause and interrupt request to the interrupt controller while interrupts are enabled 


| H level 


Interrupt request to 
the interrupt controller 


Interrupt cause 


Set inactive when the interrupt flag is cleared 
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This chapter explains the function and operation of the A/D converter. 
18.1 Outline of A/D Converter 


18.2 Registers for A/D Converter 
18.3 Operation of A/D Converter 
18.4 Conversion using DMA 


18.5 Conversion Data Protection Function 


18.1. Outline of A/D Converter 


The A/D converter converts analog input voltages to digital values. 


Outline of A/D converter 


m Conversion time: 1.9 us min. per channel (with 24-MHz machine clock) 
m RC successive approximation conversion with sample and hold circuit 
m= Resolution: 10 bits or 8 bits 

m Analog input pin (channel) selected by program 

q Single-channel conversion: 1 channel is selected and converted. 

q Scan conversion: Sequential channels are converted. 

m Mode setting 

a Single mode: Converts the specified channels once. 

a Continuous mode: Converts the specified channels repeatedly. 


a Stop mode: Converts one channel, then the converter stops and waits for the next activation. (starting of conversion 
can be synchronized) 


mw = Interrupt requests 


At the end of A/D conversion, the interrupt request for an A/D conversion can be signaled to the interrupt controller. This 
interrupt can start DMA, which can transfer A/D conversion result data to the memory. 


m Selectable activation cause 
The activation can be done by software, Reload Timer 1, or external trigger (falling edge). 
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Block diagram of A/D converter 


Figure 18-1. Block diagram of A/D converter 


ADSEL 


AVcc 
AVRHIL 
ANx — I | __t | AVss 
5]: 
2 
= D/A Converter 
= |___ 
©. 
AN32 —+ |___=1 A 
Sequential 
=> | | comparison register 
AN31 —> >} ae Comparator 
— |: [T7 
2 Ld 
= Sample & Hold circuits 
Q. 
g Se 4 ADCR 
= : = 
ANO — >| >| Data Register 9 ~——> = 
2 
Hold circuit ° o 2 
9 Setting register L -—————> = 
8 <—— oe . 
@ Setting register H ADSR S 


=] ‘i Operating clock 


CLKP 4 4+ Ss Prescaler 


A/D control register L_ 19 -——> 
A/D control register H ADCS 


External trigger starts 
Timer starts 


ADTG pin 


16-bit reload 
timer 1 


Analog input enable register > 


Remark: 


Set pins to be used as analog input to “analog input enable” by setting “1” to corresponding bit of Analog Input Enable Regis- 
ter (ADER). 


18.2 Registers for A/D Converter 


The A/D converter has the following registers: 
mu Control status register: ADCS 

m Data register: ADCR 

= Setting register: ADSR 

m Extended configuration register: ADECR 
m Analog input enable register: ADERx 
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Registers for A/D converter 
Figure 18-2. Registers of the A/D Converter 


A/D control status register (Upper) 


Read/write—» (RW) 
Initial value—» (0) o “o. “o “O “O. 0 0 
A/D control status register saan 
0 _<— Bit No. 


[oer [new [0 TT TT ADCs 
Read/write —> (RW) 


Initial value —» (0) “o. “o. 0 %) x) ) ‘o 


Data register ( Upper) 


TTT TT TT) “ADCRH 
Read/write —» 


Initial value —» o ‘o} io (0) oy o a c 


Data register (Lower) 


0 <— Bit No. 


ad ToT Te Teor ADCRL 


Read/write —» (R) 
Initial value —» io 5 ‘ “ a ii S (0) 
A/D setting register (Upper) 


8 <— Bit No. 


[sre [sr [ore [ore [on [ore [es] 205 


Read/write—» (RW) (RW) 
Initial value —» (0) ro) ey “o “o. io (0) o. 
A/D setting register (Lower) 


ee 0 _<— Bit No. 


(R/W) 


Read/write —» (RW) 
Initial value —» (0) er ats at ‘or io (0) ye 


A/D extended configuration a 


poe 0_<— Bit No. 


ad DTT fae sa fos ADECR 
(RW) 


Read/write —» -) (-) - (RW) 
Initial value —> 09 % (X) 7 . (0) te (0) 


Analog input enable register 


a 0_<— Bit No. 


ADE (x-1) | ADE(x-2)| ADE(x-3) |ADE(x-4) | ADE(x-5)| ADE(x-6)| ADE(x-7)| ADE(x-8] ADER(x/8) 
W) 


Read/write —» (RW) (RW) (RW) (RW) (RW) (RW) (PR (RW) 
Initial value—» — (9) (0) (0) (0) (0) (0) (0) (0) 
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18.2.1. Control status register (ADCS) 


The control status register (ADCS) controls the A/D converter and indicates its status. Do not rewrite ADCS during A/D con- 
version. 


18.2.1.1_ | Control Status Register (ADCS) 
Figure 18-3. A/D control status register (ADCS) 


A/D control status register (Upper) 


8 <— Bit No. 


Read/write—» (RW) (RW) (RW) (RW) (RW) (RW) (W) 
Initial value —> (0) (0) (0) (0) (0) (0) (0) m 


A/D control status register (Lower) 


0 +— Bit No. 


[uot oe served] ADCSL 


Read/write—» (RW) (RW) (RW) 
Initial value —» (0) (0) (0) 0 6 6 0 ‘o} 


18.2.1.2 Control Status Register (ADCSH) 


[bit 15] BUSY (busy flag and stop) 


m Read operation: 

a This bit indicates an operation of the A/D converter. 

a The bit is set by starting of A/D conversion, and cleared by end of A/D conversion. 

m Write operation: 

qa When “0” is written to this bit during the A/D conversion, the conversion is forced to stop. 


a Writing “1” to this bit has no effect. 


Notes: 


“1” is read from this bit when an read-modify-write instruction is used. 

In the single mode, this bit is cleared when A/D conversion ends. 

In the continuous or stop mode, the A/D conversion does not stop until writing “O” to this bit. 
This bit is initialized to 0 by reset. 


Do not perform the forced stop and the activation concurrently (using software (BUSY = 0, STRT = 1), external trigger, or 
timer). 

[bit 14] INT (interrupt) 

This bit is set when converted data is written to ADCR. When this bit is set with bit 13 (INTE) set to “1”, an interrupt request is 
generated. If DMA is configured and enabled, DMA is activated instead. Writing “1” to this bit has no effect. This bit is cleared 
by writing “O” or by the interrupt clear signal from the DMA. 

Notes: 


m Toclear this bit by writing “0”, ensure that A/D conversion is not in progress. 
mg This bit is initialized to “O” at reset. 
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m Using an read-modify-write instruction, “1” is read from this bit. 


[bit 13] INTE (Interrupt enable) 


This bit enables and disables the interrupt. 
q 0: Interrupt disabled 


q 1: Interrupt enabled 
When using DMA, set this bit (DMA is started by an interrupt request). 


This bit is initialized to O at reset. 


[bit 12] PAUS (A/D converter pause) 


PAUS bit indicates that the A/D conversion data protection function is activated. PAUS bit is valid only if A/D converter inter- 
rupt is enabled (ADCS:INTE=1). 


When A/D conversion data protection function was activated this bit is set to "1" 
This bit can only be cleared by writing "0" to it. 
Writing "1" to this bit sets it. 


When A/D conversion is performed with enabled interrupt (ADCS:INTE=1), an interrupt request is generated at the same time 
as the interrupt request flag bit (ADCS:INT) is set after the A/D conversion ends once. If the next A/D conversion ends without 
clearing the interrupt request flag bit (ADCS:INT), the A/D conversion operation will be paused to prevent the previous data 
from being overwritten and destroyed (A/D conversion data protection function). When an A/D conversion operation is 
paused, PAUS bit is set to "1". 


When the interrupt request flag bit (ADCS:INT) is cleared, the A/D converter cancels the pause state and restarts the A/D 
conversion operation. 


The interrupt request flag bit (ADCS:INT) is cleared by writing "0" to it. In addition, if an A/D conversion result is transferred 
from the A/D data register using DMA, the interrupt request flag bit (ADCS:INT) is cleared by the DMA controller once the 
transfer of the A/D conversion result is completed. 


Notes: 
For the A/D conversion data protection function, see 18.5 Conversion Data Protection Function. 


ADCS:PAUS bit is not cleared automatically even when the pause state is canceled. Write "0" to clear PAUS bit. 


[bit 11 and bit 10] STS1 and STSO (Start source select) 


These bits are initialized to “OOp” by reset. 
Select an A/D conversion activation cause by setting these bits. 


Table 18-1. Function Settings 


| oo | ol 
fea Mee | 
pot | oe 


1 Activation A/D conversion by timer and by software 
Activation A/D conversion by external pin trigger, timer, and by software 


In a mode allowing two or more activation causes, A/D conversion is activated by the source that occurs first. When changing 
the setting of these bits during A/D conversion, the result is immediately reflected. Therefore it is not a recommended prac- 
tice. 

Notes: 


m Anexternal pin trigger is detected by the falling edge. 
When the external trigger input level is Low, setting external pin triggers starting may start A/D converter. 
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m When the timer is selected, the 16-bit reload timer 1 is selected and the conversion is activated when the output from the 
timer becomes “1”. 


[bit 9] STRT (Start) 


A/D conversion is started by writing “1” to this bit. 

To reactivate A/D conversion, write “1” to this bit again. 

At reset, this bit is initialized to “O”. 

Reading this bit always returns “O”. Reactivation during the operation is only available in the single mode 1, but not supported 
in the single mode2, continuous mode and the stop mode. Check the BUSY bit before writing “1” to this bit in the latter three 
modes. 

Do not force to stop A/D conversion concurrently with activation of A/D conversion by software (BUSY=0, STRT=1). 


[bit 8] Unused bit 
Always write "0" to this bit. 
Reading this bit returns an undefined value. 


Read-modify-write is not affected. 
18.2.1.3. Control Status Register (ADCSL) 
[bit 7 and bit 6] MD1 and MDO (A/D converter mode set) 


Table 18-2. Operation Mode Settings 


| mp1 | _mpo_| Operation mode 
1 o | o | Single mode 1 (Reactivation during A/D conversion is allowed.) 


Ewe Single mode 2 (Reactivation during A/D conversion is not allowed.) 
at te | Continuous mode (Reactivation during A/D conversion is not allowed.) 
Stop mode (Reactivation during A/D conversion is not allowed.) 


m Single mode 
A/D conversion is continuously performed from the channel specified with ANS4 to ANSO to the channel specified with 
ANE4 to ANEO. The conversion stops once it has been done for all these channels. 


m Continuous mode 
A/D conversion is repeatedly performed from the channel specified with ANS4 to ANSO to the channel specified with 
ANE4 to ANEO in a row. 


m Stop mode 
A/D conversion is performed from the channel specified with ANS4 to ANSO to the channel specified with ANE4 to ANEO, 
pausing for each channel. The A/D conversion is resumed upon an activation. 


Note: 


m TheA/D conversion in the continuous or stop mode continues until it is stopped by the BUSY bit. 
m Write 0 to the BUSY bit to stop the A/D conversion. 
m Reactivation is disabled in single mode2, continuous mode, and stop mode. This applies to all kinds of activation. 


[bit 5] S10 


This bit specifies the resolution of conversion. When “0” is written to this bit, 10-bit A/D conversion is performed. When “1” is 
written to this bit, 8-bit A/D conversion is performed and the conversion result is stored in D7 to DO. 


[bits 4 to bit 1] Unused bits 


Always write "0" to these bits. The read value of these bits is undefined. 
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[bit 0] reserved (reserved bit) 
This bit is a reserved bit. Always write “0” to this bit. 


Reading this bit always returns “O”. 


18.2.2 Data Register (ADCR) 


The data register (ADCR) is used to store digital value generated as a result of conversion. The register value is rewritten 
every time the conversion ends. Normally, the last converted value is stored in these register's bits. 


18.2.2.1_ Data register (ADCR) 
Figure 18-4. Data register (ADCR) 


Data register (Upper) 


8 <+— Bit No. 


PT TTT To Dor 


Read/write —» 


Initial value —» a 5 5 4 : 5 ® o 


Data register (Lower) 
0 <— Bit No. 


Tete [=TeT=TeTe aoe: 


Read/write ——» 
Initial value —> o o o io : o o io 


Reading bit 10 to bit 15 of ADCRH always returns “O”. 


When S10 bit of ADCSL is “1”, the 8-bit mode is established, storing converted data in bit7 to bitO. In this case, Reading bit9 
to bit8 always returns “O”. 


For the use of the conversion data protection function, see section 18.5 Conversion Data Protection Function 


Do not write to this register. 


18.2.3. Setting Register (ADSR) 


The setting register (ADSR) is used to set the A/D conversion time and the sampling channels and to indicate the current 
sampling channel. 
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18.2.3.1 Setting Register (ADSR) 
Figure 18-5. Setting register (ADSR) 


A/D setting register (Upper) 


8 <— Bit No. 


[se [or [or [ore [or [ore [mise Ansa] ADSRH 


Read/write —» (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value —> (0) “Oo. (0) (0) (0) (0) (0) (0) 
A/D setting register (Lower) 


0 +— Bit No. 


se [ant [mo [es eS ave ET ANEO | ADSRL 


Read/write —» —_ (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value —> (0) “0. (0) (0) (0) (0) (0) (0) 


[bit 15 to bit 13] ST2, ST1, STO (Sampling time) 


Table 18-3. Function Settings 


| st2 | sti | stro | Function = 
| 0 | 0 | 0 | 4peripheral clock GLKPI cycle (@MHZ,05us) 
| 0 | 0 |__| éperipheral clock CLKPI cycle (BMHZ,0.75us) 
| 0 | 1 | 0 | &peripheral clock OLKPI cycle (16 MHZ, 0.5us) 
foo | 1 fo 4] 12- sll Hlate clock CLKP1 am (24 MHz, 0.5 a 

| 1 | 0 | 0 | 24peripheral clock OLKPH cycle (BMHz, Sus) 
P+ [0 | 1 | 26:perpheral clock CLKPY oyele (16 MHz, 2.258) 
| 1 | 1 | 0 | 48peripheral clock CLEP cycle (16MHz,30us) 


These bits define the sampling time for the analog input signal. Setting for these bits must be carefully evaluated. Otherwise, 
the result may not provide the guaranteed conversion accuracy. 


The required sampling time depends on the external driving impedance, the board capacitance at the A/D converter input pin 
and the Avcc voltage level. See the datasheet for details. 


[bit 12 and bit 10] CT2, CT1, CTO (Compare time) 


Table 18-4. Function Settings 


| cr2 | cm | cro | CFumction’— s/§»_ =i 
| 0 | 0 | 0 _|[22-peripheral clock CLKP1 oycle (@MHz,28us) 
| 0 | 0 | 1 _[23:peripheral clock CLKP1 oycle (16MHz,2.1us) 
en 
| o | 1. | 4 |66-peripheral clock CLKP1 cycle (24 MHz, 2.8 us) 


| 1 | 0 | 0 |88-peripheral clock CLKP1 cycle (8 MHz, 11.0 1s) 
Baka 132-peripheral clock CLKP1 cycle (16 MHz, 8.3 ps) 
ra | | 176-peripheral clock CLKP1 cycle (20 MHz, 8.8 us) 
264-peripheral clock CLKP1 cycle (24 MHz, 11.0 us) 
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These bits define the conversion time of the successive approximation. Setting for these bits must meet the following condi- 
tions. Otherwise, the result may not provide the guaranteed conversion accuracy. 


= 1.0us; For 4.5V < Avec S 5.5V 
= 2.0us; For 3.0V S Avec < 4.5V 
[bit 9 to bit 5] ANS4, ANS3, ANS2, ANS1, ANSO (Analog start channel set) 


These bits are used to set the starting channel for A/D conversion, and to indicate the current analog input channel. 
When the A/D converter is activated, A/D conversion is started from the channel selected by these bits. 


Table 18-5. Starting Channel Settings 


ADECR:ADSEL = 0 ADECR:ADSEL = 1 
Po fo fo fo [1 [an + ates id 
po fe fo |+ |. | ae | ae ——*d 
Poe fe fo fs]. ae | aves ——_—+t 


Sa OO 
Se OO 
Sa OO 


* For the highest ADC channel number available on the device, please refer to the corresponding data sheet. 


m Read operation 


These bits indicates the current analog input channel for the conversion operation. When the conversion operation is 
stopped, the last channel is indicated. 

Before A/D conversion starts, the previous conversion channel will be read even if these bits have already been set to the 
new value. 


m Atreset: These bits are initialized to “O0000,”. 
[bit 4 to bit 0] ANE4, ANE3, ANE2, ANE1, ANEO (Analog end channel set) 


These bits are used to set the ending channel for A/D conversion. 


Table 18-6. Ending Channel Settings (Sheet 1 of 2) 


jes | sve | es | wwe | soco | agesianaes’ | SSS" 
ADECR:ADSEL = 0 ee ADSEL = 1 
a ee 
oo a 
a 


Po fo fo f+) ) me ip Aves id 


a 
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Table 18-6. Ending Channel Settings<ltalic> (continued) (Sheet 2 of 2) 


Ending channel when Ending channel when 
ADECR:ADSEL = 0 ADECR:ADSEL = 1 


ee es ee ee ee eee ee 


Oe Be es 


* For the highest ADC channel number available on the device, please refer to CHAPTER 1 "OVERVIEW" 


m At reset, these bits are initialized to “O0000,”. 


Note: 

m When writing to this register, always use word access. When byte write or read-modify-write is performed for this register, 
A/D conversion may be started from an unintended channel. 

m When the same channel is written to the ANE4 to ANEO bits and to the ANS4 to ANSO bits, conversion is performed for 
only 1 channel (single channel conversion). 


m When conversion of the Analog end channel set by ANE4 to ANEO is ended, with the continuous mode or the stop mode, 
control returns to the Analog start channel set by the ANS4 to ANSO bits. 


m When the ANS > ANE is set for channel, conversion starts from the Analog start channel up to channel 31, and then 
returns to ANO and ends in the Analog end channel. For products with less than 32 A/D converter channels, the conver- 
sion results can be incorrect. To prevent this, do not set ANS larger than ANE. 


m tis not possible to have a start channel < 32 and an end channel = 32. If this is needed, please use the following 
sequence: 


a SetADECR:ADSEL = 0 to convert channels from required start channel to channel 31. 
a SetADECR:ADSEL = 1 and convert channel 32 to the required end channel. 


= Do not set number ANEx bits or ANSx bits to channel numbers that do not exist on the device. Please refer to the data 
sheet of the product to determine available A/D converter channels. 


m Theconversion is done for all channels between ANSx and ANEx independent of whether a channel is available on a 
device or not. Please refer to the data sheet of the product to dertermine available A/D converter channels. 


18.2.4 Extended Configuration Register (ADECR) 


The extended configuration register (ADECR) is used to enable the A/D Converter input channels 32 and higher. 


It also enables to switch the A/D converters high and low reference voltage between AVRH + AVRL, AVRH + AVSS and 
AVRH2 + AVSS. Switching the reference voltages enables adjusting the dynamic range of the A/D converter to the signal 
source. 
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A/D Converter 


18.2.4.1. ADC Extended Configuration Register (ADECR) 
Figure 18-6. ADC Extended configuration register (ADECR) 


— _— 


7 6 5 4 3 2 1 0 
TTT il 


R/W R/W R/W 


1 
| 
| 
| 
| 
| 
| 
| 
ols 


— 


x : undefined value 
R/W : Readable and writable 
: Initial value 


Initial value 
XXXXX000B8 


bito 


ADSEL AD channel select 


select ADC channel 0 to 31 


select ADC channel >= 32 
bit2 bit1 


AVRL/AVRH2 
AVSS 
AVSS 


AVSS AVRL/AVRH2 


bit7 to 3 


Read value is undefined 
Write always ‘0’, Read-Modify-Write is not affected. 


Figure 18-7. Switching of ADC Reference Voltage (LSEL="0", HSEL="0"). 


AVCC 


AVRH 


AVRL/AVRH2 


AVSS 


ADC 


AVCC 


High reference voltage 


ADECR 
LSEL=0]HSEL=0 


Low reference voltage 


AVSS 
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This setting is compatible to16LX configuration of A/D converter. It enables to have the low reference voltage of the A/D con- 
verter different from AVSS potential. 


Figure 18-8. Switching of ADC Reference Voltage (LSEL="0", HSEL="1" or LSEL="1", HSEL="0") 


AVCC 


AVRH 


AVRL/AVRH2 


AVSS 


ADC 


AVCC 


~ he High reference voltage 
S Ik g g 


ADECR 


LSEL=0]HSEL=1 
LSEL=1|HSEL=0 


Low reference voltage 


AVSS 


Note: 


This setting can be used in the case the low reference voltage of the A/D converter is equal to AVSS potential (e.g. system 


ground potential). 
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Figure 18-9. Switching of ADC Reference Voltage (LSEL="1", HSEL="1" 


ADC 


AVCC AVCC 


AVRH 


High reference voltage 


ADECR 
LSEL=1 |HSEL=1 


AVRL/AVRH2 


Low reference voltage 


AVSS AVSS 


Note: 


This setting can be used in the case the low reference voltage of the A/D converter is equal to AVSS potential (e.g. system 
ground potential). In addition, the pin AVRL/AVRH2 can be used to supply a high reference voltage different from the AVRH 
potential. 


Please refer to the datasheet for the stabilization time needed when switching the high reference voltage of the A/D converter 
between AVRH and AVR2. 
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18.2.5 Analog Input Enable Register (ADERx) 


This register enables the analog input functions for the AD converter 


18.2.5.1_ | Analog input enable register (ADERx) 
Figure 18-10. Analog input enable register (ADERx) 


ADERO 
0 <— Bit No. 
: 
e Read/write—» (RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
e Initial value —» (0) (0) (0) (0) (0) (0) (0) (0) 
ADER(x/8 - 1) 
0 +— Bit No. 
Read/write —» ea — on = oe (R/W) ae 


Initial value —> “0. (0) (0) (0) (0) (0) (0) (0) 


R/W: Readable and writable 


Note: x = Number of available AD channels 


[bit 7 to bit 0] ADEx (Analog input enable bit) 


If an external pin is used as an analog input for the A/D converter, the corresponding bit should be set to "1". 


Table 18-7. Mode selection 


fo Port input/output mode 


18.3. Operation of A/D Converter 


The A/D converter operates using the sequential-comparison converter system; and 10 bits or 8 bits can be selected for the 
A/D converter's resolution. 


Since this A/D converter has only one register (10 bits; conversion result data register ADCR) for storing conversion results, 
this register is rewritten every time conversion is ended. So, this A/D converter alone is not suitable for continuous conver- 
sion; and therefore conversion be performed with transferring converted data to the memory using the DMA is recommended. 


18.3.1. Single mode 1/2 


In the single mode, analog inputs from the starting channel set by the ANS bits to the ending channel set by the ANE bits are 
sequentially converted; and when conversion of the ending channel is ended, A/D conversion is stopped. When the starting 
channel and the ending channel are the same (ANS = ANE), conversion is performed for only the channel set by the ANS 
bits. 


Example: 
ANS = 00000z, ANE = 00011 p: 
Start --> ANO --> AN1 --> AN2 --> ANS --> End 
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ANS = 00010 pg, ANE = 00010 gz: 
Start --> AN2 --> End 


18.3.2 | Continuous mode 


In the continuous mode, A/D conversion is repeated until “O” is written to the BUSY bit (when “0” is written to the BUSY bit, 
operation of the A/D converter is forced to stop). 

Note that when operation of the A/D converter is forced to stop, A/D conversion may stop halfway. In this case, the conversion 
result register contains the previous data for which conversion completed. 


18.3.3. Stop mode 


In the stop mode, analog inputs from the starting channel set by the ANS bits to the ending channel set by the ANE bits are 
sequentially converted, but every time one channel is converted, conversion stops. 


When conversion of the ending channel is ended, control returns to the starting channel to continue A/D conversion. When 
the starting channel and the ending channel are the same (ANS = ANE), conversion is performed for only one channel. 


Example: 
ANS = 00000g, ANE = 00011 p: 


Start --> ANO --> Stop --> Start --> AN1 --> Stop --> Start --> AN2 --> Stop --> Start --> AN3 --> Stop --> Start --> ANO -->-- 
>--> Repetition of sequence 


ANS = 00010 p, ANE = 00010 p: 
Start --> AN2 --> Stop --> Start --> AN2 --> Stop --> Start --> AN2 -->-->--> Repetition of sequence 
In the above sequences, only A/D activation causes set using the STS1 and STSO bits are valid. 


The start of conversion can be synchronized by this mode. 


18.4 Conversion using DMA 


Figure 18-11 gives an example of flow for the activation of A/D conversion to the transfer of converted data in continous 
mode. 
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18.4.1. Conversion using DMA 


Figure 18-11. Example of flow for the activation of A/D conversion to the transfer of converted data in continous mode. 


A/D converter DMA controller 


A/D converter activated 


Sample & Hold Data transfer 


Conversion 


Interrupt 
processing 
Conversion ended 


ADCS:INT=0? . 


| request 


*. 


Store conversion data | 
to ADCR 


The operation count depends 
on the setting of the DMA. 


Interrupt 
generated 
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18.5 Conversion Data Protection Function 


The data protection function is triggered when A/D conversion is performed while interrupt request output is enabled. 


18.5.1. | Explanation of A/D Conversion Data Protection Function 
The A/D conversion data protection function is to prevent unexpectedly failing to take some A/D conversion data. 


The A/D converter has one Data Register (ADCR) for storing converted data and one successive approximation circuit for 
storing the data currently being A/D converted. During A/D conversion execution, the A/D converter stores conversion data by 
one bit in the successive approximation circuit, and when the A/D conversion is completed, it stores the A/D conversion result 
in the Data Register. 


The A/D converter operations with/without using the A/D conversion data protection function are shown below. 


m When the interrupt enable bit (ADCS:INTE) is not set, the data protection function will be disabled. In this case, if A/D con- 
version is performed continuously, the A/D converter stores the conversion result in the Data register (ADCR) every time 
the converter ends the conversion. This means that the latest conversion data is always stored. 


m When the interrupt enable bit (ADCS:INTE) is set, the data protection function will be valid. If A/D conversion is performed 
continuously in this state, the interrupt request flag bit is set to ADCS:INT=1 when the first conversion is completed. Then, 
the next A/D conversion is performed. If the conversion ends with ADCS:INT=1 state, the A/D converter enters "pause 
state" immediately before it transfers the conversion result from the successive approximation circuit to the Data register 
(ADCR) to prevent the conversion data from being overwritten. The pause flag bit (ADCS:PAUS) in the Control status reg- 
ister is set to "1" at this time. If the interrupt request flag bit (ADCS:INT) is cleared to "0" during a pause state, the data 
stored in the successive approximation circuit will be transferred to the Data register (see Figure 18-12). 


Figure 18-12. Operation of A/D conversion data protection function 


A/D conversion (1) a A/D conversion (2) » grotection function’, A/D conversion (3) > 
Sample time Compare time Sample time pq_Compare time 
ADCR A/D conversion (1) result X A/D conversion (2) result 
ADCS:INT 


ADCS:PAUS 


18.5.2 Data protection function for the case A/D conversion result is read by CPU 


m After an analog input is A/D converted, the interrupt request flag bit (ADCS:INT) in the Control status register is set to "1" 
when the A/D conversion result is stored in the Data register (ADCR). 


m If the interrupt request flag bit (ADCS:INT) that was set at the completion of the previous A/D conversion remains set at 
the end of the next A/D conversion, the A/D conversion operation pauses to protect the previous data from beeing imme- 
diately overwritten by new data to the Data register, if interrupt request is enabled (ADCS:INTE=1). 


m Since interrupt request in the Control status register is enabled (ADCS:INTE=1), an interrupt request is generated when 
the INT bit is set. When the INT bit is cleared, pause state of the A/D conversion operation will be cancelled. 


m_ lf A/D conversion is performed continuously, the A/D converter starts the next A/D conversion operation. At this time, the 
pause flag bit (ADCS:PAUS) is not cleared to "0" automatically. In order to clear, write "0" to this bit. 


Note: 


If interrupt request output is disabled (ADCS:INTE=0) during a pause state, this may start A/D conversion and rewrite the 
data in the Data register. 

If A/D conversion is performed continuously for more than once, read the data stored in the Data register before clearing the 
interrupt request flag bit (ADCS:INT). If the interrupt request flag bit (ADCS:INT) is cleared before reading the data stored in 
the Data register when A/D conversion is in a pause state, the first stored conversion data will be overwritten by the next con- 
version data and destroyed. 
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18.5.3 Data protection function for the case A/D conversion result is transferred by DMA 


After an A/D conversion, if the next A/D conversion ends while the A/D conversion result is being transferred from the Data 
register using the DMA, the A/D conversion operation pauses to protect data immediately before it overwrites new data to the 
Data register. When an A/D conversion operation pauses, the pause flag bit (ADCS: PAUS) in the Control status register is 
set to "1". 


When a transfer of an A/D conversion result is completed by using the DMA, a pause state of A/D conversion will be can- 
celled. If A/D conversion is performed continuously, the A/D conversion operation is restarted. At this time, the pause flag bit 
(ADCS:PAUS) is not cleared to "0" automatically. In order to clear, write "0" to this bit. 


Note: 


Do not clear the interrupt request flag bit (ADCS:INT=0) from CPU when an A/D conversion result is transferred by using 
DMA. Otherwise the data in the Data register in transfer process may be rewritten. 

Do not disable interrupt request output when an A/D conversion result is transferred using the DMA. If interrupt request output 
is disabled (ADCS:INTE=0) during a pause state, this may start A/D conversion and rewrite the data in the A/D data register. 
Do not restart when an A/D conversion result is transferred using the DMA. If the converter is restarted during a conversion 
pause state, the conversion result may be destroyed. 
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18.5.4 | Example of flow of Conversion Data Protection Function (when DMA is used) 


Figure 18-13. Example of flow of Conversion Data Protection Function (when DMA is used) 
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When the A/D converter is reactivated during a pause, queued, converted data is destroyed. 


18.5.5 Cautions 


To select the external trigger or the internal timer as the activation causes of A/D converter, the A/D start source select bits 
(STS1 and STSO bits) of ADCSH register are used.In this case, ensure that the input value of an external trigger or of the 
internal timer are “inactive”. If the values are “active”, A/D conversion may start operating immediately. 
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When setting the STS1 bit and STSO bit, always set the ADTG pin to “1” (input) and set the internal timer (reload timer 1) to 
“O” (output). 
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This chapter explains the functions and operations of the Alarm Comparator. 
19.1 Outline of Alarm Comparator 


19.2 Alarm Comparator Registers 


19.3 Alarm Comparator operating modes 


19.1 Outline of Alarm Comparator 


This chapter provides an overview of the Alarm Comparator (also called Under/Overflow voltage Detection), describes the 
register structure, modes and the operation of the Alarm Comparator 


Outline of Alarm Comparator 


The Alarm Comparator consists of an analog and a digital part. 


The analog part compares the input voltage with AVCC, AVSS or an internal reference voltage VREF and generates digi- 
tal output signals OUT1 and OUT2 for the digital part. 


If the voltage level at the input pin is higher than the lower threshold, OUT2 switches to high state. 
If the voltage level at the input pin is higher than the upper threshold, OUT1 switches to high state. 


The digital part uses OUT1 and OUT2 and generates an interrupt to CPU if the voltage is higher than the upper threshold 
or lower than the lower threshold. 


The Alarm Comparator can be configured and controlled by the ACSRn and AECSRanh registers. 
The Alarm Comparator can be switched between fast and slow comparison mode to reduce power consumption 
The Alarm Comparator can be switched to power down mode. 
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Block diagram of Alarm Comparator 


Figure 19-1. Block diagram of Alarm Comparator 
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Analog part Digital part 
AVCC | 
O Interrupt 
of logic <a 
ALARMn | 
"IEN 
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@ 
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AVSS | 
CLKP1 
Note: 


m_ The suffix ’n’ denotes the number of the Alarm Comparator module. 


19.2 


The Alarm Comparator has the following two registers: 
mu Alarm Comparator Control/Status register (ACSRn) 
m Alarm Comparator Extended Control/Status register (AECSRn) 


Alarm Comparator Registers 
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19.2.1. Alarm Comparator Control/Status register (ACSRn) 


Figure 19-2. Structure of Alarm Comparator control/status register 


Bits ACSRn 
7 6 5 4 3 2 1 0 Initial value 


CMD |OVEN|UVEN|OUT2|OUT1| IRQ | IEN | PD 011XXX00p 
RW R/IW RW R R R/WO RW. RW Access 


Note: 


m The suffix ’n’ denotes the number of the Alarm Comparator module. 


Bit 7: CMD (Comparison Mode) 


fo Slow comparison mode (less power consumption). [Initial value] 


Fast comparison mode (higher power consumption). 


See Datasheet for Power consumption and comparison time of the Alarm Comparator. 


Bit 6: OVEN (Overvoltage Enable) 


fo | No interrupt in case of overvoltage 
Interrupt enabled in case of overvoltage [Initial value] 


Bit 5: UVEN (Undervoltage Enable) 


fo No interrupt in case of undervoltage 
Interrupt enabled in case of undervoltage [Initial value] 


Bit 4: OUT2 (Synchronized output of Alarm Comparator UV output) 


Analog input voltage < Veyt_ when AECSRn:INTREF = 0 or 
analog input voltage < Vjyz_ when AECSRn:INTREF = 1 


Analog input voltage > Veyt_ when AECSRn:INTREF = 0 or 
analog input voltage > Viy7_ when AECSRn:INTREF = 1 


Analog input voltage < Veyty when AECSRn:INTREF = 0 or 


analog input voltage < Vijyty when AECSRn:INTREF = 1 


Analog input voltage > Veyty when AECSRn:INTREF = 0 or 
analog input voltage > Viyty when AECSRhn:INTREF = 1 
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Bit 2: IRQ (Interrupt request) 


No under- or overvoltage condition detected 


Under- or overvoltage condition detected 


Write "0" to IRQ to clear an interrupt request. Writing "1" to IRQ has no effect. "1" is read from this bit when a read-modify- 
write instruction is used. 


Remark: 


When IRQ is cleared at the same time, the Alarm comparator requests an interrupt, the interrupt request has higher priority 
and IRQ is set to "1". To clear an interrupt caused by a persistent out of voltage range condition, first disable the undervoltage 
and/or overvoltage interrupt generation (OVEN = 0 and/or UVEN = 0), then clear the IRQ bit separately. 


Bit 1: IEN (Interrupt enable) 


fo Interrupt assertion disabled [Initial value] 


Interrupt assertion enabled 


Bit 0: PD (Power down) 


fo Run mode (analog part) [Initial value] 
Pt Power down mode (analog part) 


19.2.2 Alarm Comparator Extended Control/Status Register (AECSRn) 


Figure 19-3. Structure of Alarm Comparator Extended Control/Status register 


AECSRn 


14 11 
nae) 


XXX MMO Og 
bit8 


INTREF Internal reference voltage select bit 
0 Reference voltage derived from AVCC/AVSS 
1 Reference voltage derived from internal reference VREF 


Read value is undefined, write always 0 
read modify write instructions are not affected 


ACE Analog input enable bit 
0 Analog input disabled 
1 Analog input enabled 


bit{15:9] 


: undefined value Read value is undefined, write always 0, 
: read modify instructions are not affected 
: readable and writable 
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Bit 10: ACE (Analog input enable) 


Analog input disabled 


Analog input enabled 


Bit 8: INTREF (Internal Reference voltage select) 


po AVCC/AVSS is selected as Reference voltage. [Initial value] 
Internal reference voltage VREF is selected. 


19.3. Alarm Comparator operating modes 


The Alarm Comparator circuit can operate in interrupt or polling mode. The internal interrupt logic will detect each interrupt 
event independent of setting of the IEN bit. 
Interrupt Mode (IEN=1) 


The following truth table describes the valid interrupt events. 


Table 19-1. Valid interrupt events 


inner ours [ous [RO ae 
Ce CC CCS 
Ce CC CC 
Ca CC CC 


The interrupt Bit IRQ will be set with the next positive transition of CLKP1 after detecting an interrupt event. If IEN=1 this will 
create an interrupt request to the CPU. In order to determine the reason for the asserted interrupt - if both interrupts are 
enabled - it is necessary to read the ACSR register immediately inside the interrupt service routine. OUT2 and OUT1 always 
contain the actual status of the voltage comparator outputs, i.e. the interrupt trigger event will not be stored. 


Polling Mode (IEN=0) 

The IRQ register bit will be set by an active interrupt event and can be reset by writing to the ACSR register. The ACSR can 
be polled continuously in order to monitor the input voltage which is fed to the Alarm Comparator’s voltage comparator inputs. 
Setting and Resetting of IRQ-Flagbit 


The IRQ bit of the ACSR can be reset to zero by writing a “O” to it. Writing an “1” to the IRQ bit of ACSR has no effect. IRQ can 
only be set to “1” by hardware, i.e. by the outputs of the comparator circuits. IRQ will remain active as long as an active inter- 
rupt status is detected, even if a “O” is written to it. 


A bitset command performed on the ACSR will result in a RMW access. Every read access during performing a RMW com- 
mand will return a “1” for the IRQ flag to the CPU. That avoids any loss in detecting interrupt events due to software setting 
of IRQ-Flag Bit. 


Power Down Modes and Comparison modes of the Alarm Comparator 


The different operation modes of the Alarm Comparator circuit are described in the following table: 
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Table 19-2. Alarm Comparator operation modes 


Digital part ACSR:PD Analog part 


operating 0 run mode 


operating 1 power down 


stopped 


stopped 


Precaution: The outputs of the Alarm Comparator (analog parts) will remain undefined for at least 3 us after power on and 
also after reentering the run mode. Disable interrupt generation for the time in which the analog part of the Alarm Comparator 
is not stable. 


If the Alarm Comparator shall be disabled in any MCU standby mode (STOP, TIMER, SLEEP), the ACSR:PD bit must be set 
before the MCU standby mode is set in the SMCR register. 

Use the following sequence for switching the Alarm Comparator to power down mode: 

1. Disable interrupt generation (ACSRn:IEN = 0) 

2. Power down the Alarm Comparator (ACSRn:PD = 1) 


Use the following sequence for switching the Alarm Comparator from power down mode to run mode: 
1. Switch Alarm Comparator from power down mode to run mode (ACSRn:PD = 0) 

2. Wait 3us 

3. Enable interrupts (ACSRn:lEN = 1) if required or use Alarm Comparator in polling mode. 
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This chapter explains the functions and operation of the LIN USART. 
20.1 Overview of USART 


20.2 Configuration of USART 
20.3 USART Pins 

20.4 USART Registers 

20.5 USART Interrupts 

20.6 USART Baud Rates 
20.7 Operation of USART 
20.8 Notes on Using USART 


20.1 Overview of USART 


The USART with LIN (Local Interconnect Network) - Function is a general-purpose serial data communication interface for 
performing synchronous or asynchronous communication with external devices. The USART provides bidirectional communi- 
cation function (normal mode), master-slave communication function (multiprocessor mode in master/slave systems), and 
special features for LIN-bus systems (working both as master or as slave device). 


USART functions 


The USART is a general-purpose serial data communication interface for transmitting serial data to and receiving data from 
another CPU and peripheral devices. It has the functions listed in Table 20-1. 


Table 20-1. USART functions (Sheet 1 of 2) 
5 times oversampling in asynchronous mode 


¢ Clock synchronous (start-stop synchronization and start-stop-bit- 
Transfer mode option) 
¢ Clock asynchronous (using start-, stop-bits) 


e A dedicated baud rate generator is provided, which consists of a 16- 
Bikes bit-reload counter 
e An external clock can be input and also be adjusted by the reload 
counter 
¢ 7 bits (not in synchronous or LIN mode) 


Signal mode Non-return to zero (NRZ) 
Start bit timing Clock synchronization to the falling edge of the start bit in asynchronous mode 
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Table 20-1. USART functions (Sheet 2 of 2) 


Framing error 
Overrun error 
Parity error (Not supported in Mode 1) 


Reception error 
detection 


receive interrupt (reception complete, reception error detect, LIN- 
Synch-break detect) 

Interrupt request Transmission interrupt (transmission data empty) 
Interrupt request to ICU (LIN synch field detection) transmission 
and reception support for DMA function. 

Master-slave communication function One-to-n communication (one master to n slaves) 

(multiprocessor mode) (This function is supported both for master and slave system). 


Synchronous mode Function as Master- or Slave-USART 


Transceiving pins Direct access possible 


Operation as master device 

Operation as slave device 

Generation of LIN-Sync-break 

Detection of LIN-Sync-break 

ICUs can be used to measure the bit time of detected start/stop 
edges in the LIN-Sync-field. See section Input Capture Unit Source 
Select for LIN-USART on page 27 for the assignement of ICU to 
the Sync field signal of the LIN-USART. 


, The synchronous serial clock can be output continuously on the SCK pin for synchronous 
Synchronous serial clock communication with start & stop bits 


Clock delay option Special synchronous Clock Mode for delaying clock (useful for SPI) 


USART operation modes 


LIN bus options 


The USART operates in four different modes, which are determined by the MDO- and the MD1-bit of the Serial mode register 
(SMRn). Mode 0 and 2 are used for bidirectional serial communication, mode 1 for master/slave communication and mode 3 
for LIN master/slave communication. 


Table 20-2. USART operation modes 


Goeraon mous Data length Synchronization of | Length of stop data bit 
parity disabled | parity enabled mode bit direction “' 


}2[normalmode [8 synchronous, tre JM 
LIN mode Bo iasynchronous tC Cd 


*1: means the data bit transfer format: LSB or MSB first. 
*2:"+1" means the indicator bit of the address/data selection in the multiprocessor mode, instead of parity. 


Note: 


Mode 1 operation is supported both for master or slave operation of the USART in a master-slave connection system. In 
Mode 3 the USART function is locked to 8N1-Format, LSB first. 


If the mode is changed, USART cuts off all possible transmission or reception and awaits then new action. 
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The MD1 and MDO bit of the Serial Mode Register (SMRn) determine the operation mode of the USART as shown in the fol- 
lowing table: 


Table 20-3. Mode bit setting 


| mp1 | po | Mode | ——iescription = 
A 
FS Oe 
Pi fo [2 


Synchronous (normal mode) 
Asynchronous (LIN mode) 


20.2 Configuration of USART 


This section provides a short overview on the building blocks of USART. 


20.2.1 Block diagram of USART 


USART consists of the following blocks: 
Reload Counter 

Reception Control Circuit 

Reception Shift Register 

Reception Data Register (RDRn) 
Transmission Control Circuit 

Transmission Shift Register 

Transmission Data Register (TDRn) 

Error Detection Circuit 

Oversampling Unit 

Interrupt Generation Circuit 

LIN Synch Break/Synch Field Detection 
Bus Idle Detection Circuit 

LIN-USART Serial Mode Register (SMRn) 
Serial Control Register (SCRn) 

Serial Status Register (SSRn) 

Extended Com. Contr. Reg. (ECCRn) 
Extended Status/Contr. Reg. (ESCRn) 
Extended Serial Interrupt Register (ESIRn) 
The suffix "n" denotes the USART number. 
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Figure 20-1. Block diagram of USART 
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n = 0...9 according to device ( Please refer to the 
datasheet of the corresponding device) 
v ° 


Reload Counter 


The reload counter functions as the dedicated baud rate generator. It can select external input clock or internal clock for the 
transmitting and receiving clocks. The reload counter has a 16-bit register for the reload value. The actual count of the trans- 
mission reload counter can be read via the BGRn. 


Reception Conirol Circuit 


The reception control circuit consists of a received bit counter, start bit detection circuit, and received parity counter. The 
received bit counter counts reception data bits. When reception of one data item for the specified data length is complete, the 
received bit counter sets the reception data register full flag. The start bit detection circuit detects start bits from the serial 


388 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


ce EMBEDDED IN TOMORROW USART 


input signal and sends a signal to the reload counter to synchronize it to the falling edge of these start bits. The reception par- 
ity counter calculates the parity of the reception data. 


Reception Shift Register 


The reception shift register fetches reception data input from the SINn pin, shifting the data bit by bit. When reception is com- 
plete, the reception shift register transfers receive data to the RDRn register. 


Reception Data Register (RDRn) 


This register retains reception data. Serial input data is converted and stored in this register. 


Transmission Control Circuit 


The transmission control circuit consists of a transmission bit counter, transmission start circuit, and transmission parity 
counter. The transmission bit counter counts transmission data bits. When the transmission of one data item of the specified 
data length is complete, the transmission bit counter sets the Transmission data register full flag. The transmission start cir- 
cuit starts transmission when data is written to TDRn. The transmission parity counter generates a parity bit for data to be 
transmitted if parity is enabled. 


Transmission Shift Register 


The transmission shift register transfers data written to the TDRn register to itself and outputs the data to the SOTn pin, shift- 
ing the data bit by bit. 


Transmission Data Register (TDRn) 


This register sets transmission data. Data written to this register is converted to serial data and output. 


Error Detection Circuit 


The error detection circuit checks if there was any error during the last reception. If an error has occurred it sets the corre- 
sponding error flags. 


Oversampling Unit 


The oversampling unit oversamples the incoming data at the SINn pin for five times. It is switched off in synchronous opera- 
tion mode. 


Interrupt Generation Circuit 


The interrupt generation circuit administers all cases of generating a reception or transmission interrupt. If a corresponding 
enable flag is set and an interrupt case occurs the interrupt will be generated immediately. 


LIN synch Break and Synchronization Field Detection Circuit 


The LIN break and LIN synchronization field detection circuit detects a LIN break, if a LIN master node is sending a message 
header. If a LIN break is detected a special flag bit is generated. The first and the fifth falling edge of the synchronization field 
is recognized by this circuit by generating an internal signal for the Input Capture Unit to measure the actual serial clock time 
of the transmitting master node. 


LIN Synch Break Generation Circuit 


The LIN break generation circuit generates a LIN break of a determined length. 


Bus Idle Detection circuit 


The bus idle detection circuit recognizes if neither reception nor transmission is going on. In this case, the circuit generates 
the special flag bits TBI and RBI. 


LIN-USART Serial Mode Register (SMRn) 


This register performs the following operations: 
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Selecting the LIN-USART operation mode 

Selecting a clock input source 

Selecting if an external clock is connected “one-to-one” or connected to the reload counter 
Resetting dedicated reload timer 

Resetting the LIN-USART (preserving the settings of the registers) 

Specifying whether to enable serial data output to the corresponding pin 


Specifying whether to enable clock output to the corresponding pin 


Serial Control Register (SCRn) 


This register performs the following operations: 
Specifying whether to provide parity bits 
Selecting parity bits 

Specifying a stop bit length 

Specifying a data length 

Selecting a frame data format in mode 1 
Clearing the error flags 

Specifying whether to enable transmission 


Specifying whether to enable reception 


Serial Status Register (SSRn) 


This register performs the following functions: 

m Indicating status of receive/transmit operations and errors 
m= Specifying LSB first or MSB first 

m Receive interrupt enable/disable 

m Transmit interrupt enable/disable 


Extended Status/Control Register (ESCRn) 


This register performs the following functions: 
LIN synch break interrupt enable/disable 
Indicating LIN synch break detection 
Specifying LIN synch break length 

Directly accessing SINn and SOTn pins 
Specifying continuous clock output operation 
Specifying sampling clock edge 


Extended Communication Control Register (ECCRn) 


This register performs the following functions: 
m_ Indicating bus idle state 

m= Specifying synchronous clock 

m Specifying LIN synch break generation 


Extended Serial Interrupt Register (ESIRn) 


This register performs the following function: 
m Change handling of interrupts to enable usage together with DMA 


PE 
Ws 
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20.3  USART Pins 


This section describes the USART pins and provides a pin block diagram. 


USART pins 


The USART pins are shared with general purpose ports. Table 20-4 lists the pin functions, I/O formats, and settings required 
to use the USART. 


Table 20-4. USART pins 


Set corresponding general purpose port 
Port I/O or serial data to "input": 
input DDRxx:Di = 0 

PIERxx:IEi = 1 


F Port I/O or serial data out- Set output enable mode: 
Pyy_j/SOTn Programmable pull-up 
Please tele) to resistor. (SMRn: SOE = 1) 


Ports on page 287for : 

how to select available | (refer to forl/O Ports on Provided When a clock is input, then set corre- 

formats page 287 how to activate sponding general purpose port to "input": 
the pull-up resistor) DDRzz:Dk = 0 


Port I/O or serial clock PIERzz:IEk = 1 
input/output 


Pxx_i/SINn 


Pzz_k/SCKn 


When a clock is output, then set output 
enable mode: 


SMRn:SCKE = 1 


20.4 USART Registers 


The following figure shows the USART registers. 


USART registers 
Figure 20-2. USART registers 


bit15 bit8 —bit7 bitO 
SCRnh (Serial Control Register) SMRn (Serial Mode Register) 

SSRn (Serial Status Register) RDRn/TDRx (RX, TX Data Register) 
ESCRn (Extended Status/Control Reg.) | ECCRn (Extended Comm. Contr. Reg.) 
BGRHn (Baud Rate Generator Reg.) BGRLn (Baud Rate Generaitpr Reg.) 
ESIRn (Extended Serial Interrupt Reg.) 


n = 0...9 according to device ( Please 
refer to the datasheet of the correspond- 


20.4.1 Serial Control Register (SCRn) 


This register specifies parity bits, selects the stop bit and data lengths, selects a frame data format in mode 1, clears the 
reception error flag, and specifies whether to enable transmission and reception. 
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Figure 20-3. Configuration of the serial control register (SCRn) 


15 


14 


13 12 11 10 9 8 SCRn 


Initial value 
000000008 


Bl R/W R/W R/W R/W Ww R/W RW 


: ‘ ' : bits 

Zane 
: : : i 0 Disable Transmission 

rue 
a =a 

: ee ete | = s*Receptionenable | = s*Receptionenable 


: Disable Reception 
Enable Reception 


bit10 


; i Clear Reception errors 
: ; : write read 
a a 
1 ; Clear all reception read always returns 0 
errors (PE, FRE, ORE) 
a bit11 
pas 
7 pO Databit 
= 
a a 
; : | Character (Data frame) Length (Data frame) | Character (Data frame) Length 


7 bits 

| Se 

; bit13 

: 
als SCS 


EA 4 


| po [| s~Parityseting = setting 


Even Parity enabled 
Odd Parity enabled 


biti5 
Soe ee eee ee eee eS Parity Enable 
cies aie: 
y disabled 
Write only mo 


Parity enabled 


Initial value 


= 0...9 according to device ( Please 
refer to the datasheet of the correspond- 


392 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sn CYPRESS 


“ager «0 EMBEDDED IN TOMORROW USART 


Table 20-5. Functions of each bit of control register (SCRn) 


Bitmame fet 


This bit selects whether to add a parity bit during transmission or detect it during reception. 


Parity is only provided in mode 0 and in mode 2 if SSM of the ECCRn is selected. This bit is fixed to 0 (no parity) in 
mode 1 (multiprocessor) and in mode 3 (LIN). 


P: 

bit14 . ; . When parity is provided and enabled this bit selects even (0) or odd (1) parity. 
Parity selection bit 

bit13 SBL: This bit selects the length of the stop bit of an asynchronous data frame or a synchronous frame if SSM of the 
Stop bit length selection bit ECCRn is selected. This bit is fixed to 0 (1 stop bit) in mode 3 (LIN). 
CL: 

bit12 . . This bit specifies the length of transmission or reception data. This bit is fixed to 1 (8 bits) in mode 2 and 3. 
Data length selection bit 


This bit specifies the data format in multiprocessor mode 1. Writing to this bit is provided for a master CPU, reading 
AD: from it for slave CPU. A 1 indicates an address frame, a 0 indicates a usual data frame. 
bit11 : 


PEN: 
Parity enable bit 


Address/Data selection bit Note: 
Please read the hints about using this bit in Section 20.8 Notes on Using USART. 


This bit clears the FRE, ORE, and PE flag of the Serial Status Register (SSRn) and resets any ongoing reception. 
Writing a 1 to it clears the error flag. 
. CRE: Writing a 0 has no effect. 
bitt0 Clear reception error flags bit | Reading from it always returns 0. 
Note: 
Clear reception error flags after the receive operation. 


This bit enables/disables LIN-USART reception. 
If this bit is set to 0, USART disables the reception of data frames. 
If this bit is set to 1, USART enables the reception of data frames. 
RXE: ; : The LIN synch break detection in mode 3 remains unaffected. 
Reception enable bit Note: 
If reception is disabled (RXE=0) during receiving, it is stopped immediately. In this 
case, data is not guaranteed. 
7 This bit enables/disables LIN-USART transmission. 


If this bit is set to 0, USART disables the transmission of data frames. 
TXE: If this bit is set to 1, USART enables the transmission of data frames. 


Transmission enable bit Note: 
If transmission is disabled (TXE=0) during transmitting, it is stopped immediately. In 
this case, data is not guaranteed. 
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20.4.2 Serial mode register (SMRn) 


This register selects an operation mode and baud rate clock and specifies whether to enable output of serial data and clocks 
to the corresponding pin. 
Serial mode register (SMRn) 


Figure 20-4. Configuration of the serial mode register (SMRn) 


oe SMRn 
e 000000008 
R/W R/W R/W R/W WOW =siR IW R/W bito 


' ' ' ' i fine Serial data output enable bit of LIN-USART 


' \ ' ' 0 LIN-UART serial data output pin disabled 
\ ; f \ 1 LIN-UART serial data output pin enabled 


Serial clock output pin of LIN-USART disabled 
or LIN-USART clock input pin 
Serial clock output pin of LIN-USART enabled 


LIN-USART programmable clear (Software Reset) 
write read 


co ignored 
Reset USART 


; REST Restart dedicated Reload Counter 
i ’ write read 

0 ignored always 0 

1 Restart Counter 


External Serial Clock Source enable 
Use internal Baud Rate Generator (Reload Counter) 


1 Use external Serial Clock Source 


always 0 


One-to-one external clock Input enable 


: 0 Use ext. Clock with Baud Rate Generator (Reload C.) 
; 1 Use external Clock as is 


Vee Sr ak aad Go Ra eek ee Se Operation Mode Setting 

R/W : Readable and writable 
: Mode 0: Asynchronous normal 

Ww : Write only 7 


0 Mode 1: Asynchronous Multiprocessor 
1 Mode 2: Synchronous 
1 


n = 0...9 according to device ( Please | tft | Mode 3: Asynchronous LIN 


refer to the datasheet of the correspond- 


Initial value 
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ower 20-6. Bit function of the serial mode register (SMRn) 


| sBitname name 
These two bits sets the USART operation mode. 
bit7 MD1 and MDO: Note: 
bité Operation mode selection bits Changing the mode bit MD1, MD0 causes any ongoing reception or transmission to 
be aborted. 

OTO: ae . , ’ . i c ' 

bit5 O reid This bit sets an external clock directly to the LIN-USART’s serial clock. This function is used for operating mode 2 
ne-to-one external cloc (synchronous) slave mode operation. 

selection bit 

EXT: oe . 
bit4 This bit executes internal or external clock source for the reload counter 

External clock selection bit 

REST: : : ae : a F : are 
bit3 If a 1 is written to this bit the reload counter is restarted. Writing 0 to it has no effect. Reading from this bit always 

It Restart of transmission reload | returns 0. 
counter bit 


Writing a 1 to this bit resets LIN-USART immediately. The register settings are preserved. Possible reception or 

UPCL: transmission will cut off. 

USART programmable clear | All flags (TDRE, RDRF, LBD, PE, ORE, FRE) are cleared and the Reception Data Register (RDRn) contains 00),. 

bit (Software reset) Writing 0 to this bit has no effect. Reading from it always returns 0. 

LIN-USART reset should performed after disabling the reception and transmission interrupt enable bits. 

¢ This bit controls the serial clock I/O ports. 

¢ When this bit is 0, SCKn pin operates as general purpose I/O port or serial clock input 
pin. When this bit is 1 and no other peripheral resource uses this pin as output , the pin 
operates as serial clock output pin and outputs clock in operating mode 2 
(synchronous). 

Note: 
When using SCKn pin as serial clock input (SCKE=0) pin, set the corresponding bit 
of DDR as input port and set the corresponding bit of PIER = 1. Also, select external 
clock (EXT = 1) using the external clock selection bit. 

Reference: 
When the SCKn pin is assigned to serial clock output (SCKE=1) and no other 
peripheral resource uses this pin as output, it functions as the serial clock output pin 
(SCKn) regardless of the status of general input-output ports. 


SCKE: 
Serial clock output enable 


This bit enables or disables the output of serial data. 
When this bit is 0, SOTn pin operates as general purpose I/O pin. When this bit is 
land no other peripheral resource uses this pin as output, SOTn pin operates as serial 
SOE: data output pin (SOT). 
Serial data output enable bit | Reference: 
When the output of serial data is enabled (SOE=1) and no other peripheral resource 
uses this pin as output, SOTn pin functions as serial data output pin (SOT) regardless 
of the status of general input-output ports. 
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This register checks the transmission and reception status and error status. It also enables and disables the transmission and 


receive interrupts. 


Serial status register (SSRn) 


Figure 20-5. Configuration of the serial status register (SSRn) 


15 14 13 12 11 10 9 


R R 


R_ R/W R/W R/W 


R/W Readableandwritable = = 
R Flag is read only, write to it has 

no effect 

Initial value 


n=0...9 according to device ( Please refer to the 
datasheet of the corresponding device) 


396 


Po | 


SSRn 
Initial value 
000010008 


bit8 


Transmission Interrupt enable 
Disables Transmission Interrupt 


Enables Transmission Interrupt 


bit9 


Reception Interrupt enable 


IE 
Disables Reception Interrupt 
1 


bit10 


Bit direction setting 
| 0 | send/receive LSB first 
send / receive MSB first 


bitt1 


TDRE Transmission data register empty 
0 Transmission data register is full 
1 Transmission data register is empty 

bit12 


RDRF Reception data register full 
| 0 | Reception data register is empty 
Reception data register is full 


bit13 
0 

bit14 
0 


bit15 


Enables Reception Interrupt 


Framing error 
No framing error occurred 
A framing error occurred during reception 
Overrun error 
No overrun error occurred 
An overrun error occurred during reception 
Parity error 


No parity error occurred 
A parity error occurred during reception 


1 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


= EMBEDDED IN TOMORROW USART 


Table 20-7. Functions of each bit of status register (SSRn) 


pS Bitmame ff metion 


This bit is set to 1 when a parity error occurs during reception at PE=1. 

It is cleared when | is written to the CRE bit of the serial control register (SCRn). 
In Mode 3, it is also cleared when ESCRn:LBD = 1. 

A receive interrupt request is output when this bit and the RIE bit are 1. 

Data in the reception data register (RDRn) is invalid when this flag is set. 


PE: 
Parity error flag bit 


This bit is set to 1 when an overrun error occurs during reception. 

It is cleared when | is written to the CRE bit of the serial control register (SCRn). 
In Mode 3, it is also cleared when ESCRn:LBD = 1. 

A receive interrupt request is output when this bit and the RIE bit are 1. 

Data in the reception data register (RDRn) is invalid when this flag is set. 


ORE: 
Overrun error flag bit 


This bit is set to 1 when a framing error occurs during reception. 

It is cleared when | is written to the CRE bit of the serial control register 1 (SCRn). 
In Mode 3, it is also cleared when ESCRn:LBD = 1. 

A receive interrupt request is output when this bit and the RIE bit are 1. 

Data in the reception data register (RDRn) is invalid when this flag is set. 


FRE: 
Framing error flag bit 


This flag indicates the status of the reception data register (RDRn). 
This bit is set to 1 when reception data is loaded into RDRn 
It is cleared when the reception data register (RDRn) is read. 
RDRF: In Mode 3, it is also cleared when ESCRn:LBD = 1. 
Receive data full flag bit A receive interrupt request is output when this bit and the RIE bit are 1. 
Note: 
ESIR:RDREF has the same behaviour as this bit, but it is not cleared when the 
reception data register (RDRn) is read. 


This flag indicates the status of the transmission data register (TDRn). 
This bit is cleared to 0 when transmission data is written to TDRn and is set to 1 when 
data is loaded into the transmission shift register and transmission starts. 
A transmission interrupt request is generated if both this bit and the TIE bit are 1. 
If the LBR bit in the ECCRn register is set to "1" while the TDRE bit is "1", then this 
bit once changes to "0". After the completion of LIN synch break generator, the TDRE 
bit charges back to "1". 

Note: 
This bit is set to 1 (TDRn empty) as its initial value. 

Note: 
ESIR:TDRE has the same behaviour as this bit, but it is not cleared when 
transmission data is written to TDRn. 


TDRE: 


Transmission data empty flag 
bit 


¢ This bit selects whether to transfer serial data from the least significant bit (LSB first, 
BDS=0) or the most significant bit (MSB first, BDS=1). 

Note: 
The high-order and low-order sides of serial data are interchanged with each other 
during reading from or writing to the serial data register. If this bit is set to another 
value after the data is written to the RDRn register, the data becomes invalid. 
This bit is fixed to 0 in mode 3 (LIN) 


RIE: This bit enables/disables the receive interrupt. If any of the RDRF, PE, ORE and FRE 
receive interrupt request bits is set and this bit is "1", then a receive interrupt is signaled to the interrupt 
enable bit controller. 


BDS: 
Transfer direction selection bit 
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Table 20-7. Functions of each bit of status register (SSRn) 


Bit name moti 


TIE: ¢ This bit enables or disables the transmission interrupt. 
bit8 Transmission interrupt e A transmission interrupt request is output when this bit and the TDRE bit are 1. 
request enable bit 


20.4.4 Reception and Transmission Data Register (RDRn/TDRn) 


The reception data register (RDRn) holds the received data. The transmission data register (TDRn) holds the transmission 
data. Both RDRn and TDRn registers are located at the same address. 


20.4.4.1_ | Reception and transmission data registers (RDRn/TDRn) 


Figure 20-6. Transmission and reception data registers (RDRn/TDRn) 


7 6 5 4 3 2 1 0 


-- RDRn/TDRn 
oe 000000002 


R/W R/W R/W R/W R/W R/W R/W R/W 


bit 7 to 0 


R/W Data Registers 


Read Read from Reception Data Register 
Write Write to Transmission Data Register 
RW: Readable and writable 


n = 0...9 according to device ( Please refer to 
the datasheet of the corresponding device) 


Reception: 


RDRan is the register that contains reception data. The serial data signal transmitted to the SINn pin is converted in the shift 
register and stored there. When the data length is 7 bits, the uppermost bit (D7) contains 0. When reception is complete the 
data is stored in this register and the reception data full flag bit (SSRn:RDRF) is set to 1. If a receive interrupt request is 
enabled at this point, a receive interrupt occurs. 


Read RDRn when the RDRF bit of the status register (SSRn) is 1. The RDRF bit is cleared automatically to 0 when RDRn is 
read. Also the receive interrupt is cleared if it is enabled and no error has occurred. 


Data in RDRn is invalid when a reception error occurs (SSRn: PE, ORE, or FRE = 1). 


Transmission: 


When data to be transmitted is written to the transmission data register in transmission enable state, it is transferred to the 
transmission shift register, then converted to serial data, and transmitted from the serial data output terminal (SOTn pin). If the 
data length is 7 bits, the uppermost bit (D7) is not sent. 


When transmission data is written to this register, the transmission data empty flag bit (SSRn:TDRE) is cleared to 0. When 
transfer to the transmission shift register is complete and starts, the bit is set to 1. When the TDRE bit is 1, the next part of 
transmission data can be written. If output transmission interrupt requests have been enabled, a transmission interrupt is gen- 
erated. Write the next part of transmission data when a transmission interrupt is generated or the TDRE bit is 1. 


Note: 


TDRn is a write-only register and RDRn is a read-only register. These registers are located in the same address, so the read 
value is different from the write value. Therefore, instructions that perform a read-modify-write (RMW) operation, such as the 
INC/DEC instruction, cannot be used. 
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20.4.5 Extended Status/Control Register (ESCRn) 


This register provides several LIN functions, direct access to the SINn and SOTn pin and setting for USART synchronous 
clock mode. 


Extended status/control register (ESCRn) 


Figure 20-7. Configuration of the extended status/control register (ESCRn) 


15 14 13 12 11 10 9 8 ESCRn 


| : Initial value 
00000100, 


R/W R/W R/W R/W R/W R/W R/W R/W 
Poo eR et ae dy bits 
Sf Fat 1 111. [sces [Sampling Glock Edge Selection Weds) | 
: : : : 0 Sampling on rising clock edge (normal) 
: : : : i ; Sampling on falling clock edge (inverted clock) 
bit9 
— ee 
: 0 Continuous Clock Output disabled 
: 


a ro bitt0 


Serial Input / Output Pin Access 
write (if SOPE = "1") read 


; Pp 
; : SOT is forced to "0" reading the actual value of 
: : SOT is forced to "1" SIN 


bitt1 


: ; ‘ SOPE Enable Serial Output pin direct Access 
: : ; 0 Serial Output pin direct access disable 
: : : 1 Serial Output pin direct access enable 


- 3 bit12 bit 13 


. LBLO LBL1 LIN synch break length select 


0 0 LIN break length 13 bit times 


eS 1 0 LIN break length 14 bit times 

‘ ; 0 1 LIN break length 15 bit times 

co LIN break length 16 bit times 

2 4 bitt4 

2 LBD LIN synch break detected flag 

, pws [read CS 
: 0 Clear LIN synch break 


detected flag No LIN synch break detected 


1 Ignored LIN synch break detected 


bit15 


Pov sey Pee Pe MeN eee ee LBIE LIN synch break detection Interrupt enable 
R/W «Readable and writable | 0 | LIN synch break interrupt disable 
xX :  Indeterninate 1 LIN h break int t bl 
Initial value a 


n = 0...9 according to device ( Please refer to 
the datasheet of the corresponding device) 
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Table 20-8. Function of each bit of the extended status/control register (ESCRn) 


Bit name 


This bit enables/disables LIN synch break interrupt 

LIN synch break interrupt is connected to the receive interrupt. When in mode 3 the 
LBD bit is set and this bit is "1", a receive interrupt is signaled to the interrupt 
controller. This bit is fixed to "0" in operation mode | and 2. 


LBIE: 


LIN synch break detection 
interrupt enable bit 


This bit goes 1 if a LIN synch break was detected in operating mode 3. Writing a 0 to 
it clears this bit and the corresponding interrupt, if it is enabled. 
LBD: It is recommended to write "0" to the RXE bit in the SCRn register before using this 
LIN synch break detected flag bit. 
Read-modify-write instructions always return 1. Note that this does not indicate a LIN 
synch break. 


LBL1/0: These two bits determine how many serial bit times the LIN synch break is generated 
he synch break length selec- | hy USART. Receiving a LIN synch break is always fixed to 11 bit times. 

ete Setting this bit to 1 enables the direct write to the SOTn pin, if SMRn:SOE = 1. o 
Serial Output pin direct 

access enable ' 


Normal read instructions always return the actual value of the SINn pin. Writing to it 


alee sets the bit value to the SOTn pin, if SOPE = 1. 


pera abl pace During a Read-Modify-Write instruction the bit returns the SOTn value in the read 


cycle. =I 
This bit enables a continuous serial clock at the SCKn pin if USART operates in 
master mode 2 (synchronous) and the SCKn pin is configured as a clock output. 
Note: 
When CCO bit is “1”, use ECCRn:SSM bit as setting to “1”. 


cco: 


Continuous Clock Output 
enable bit 


This bit inverts the serial clock signal in operation mode 2 (synchronous 
communication). 
SCES: Receiving data is sampled at the falling edge of the internal clock. If ECCRn:MS 
Serial clock edge selection bit register is "0" (master mode) and SMRn:SCKE is "1" (clock output enabled), the 
output clock signal is also inverted. 
During operation mode 0,1,3 set this bit to 0. 


*1: See Table 20-9. 


Table 20-9. Description of the interaction of SOPE and SIOP 


po | RW dae effect on SOTn, but holds the written returns current value of SINn 


reads current value of SOTn and writes it back 


write “O” or “1” to SOTn returns current value of SINn 
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20.4.6 | Extended Communication Control Register (ECCRn) 


USART 


The extended communication control register provides bus idle recognition interrupt settings, synchronous clock settings, and 


the LIN break generation. 


Extended communication control register (ECCRn) 


Figure 20-8. Configuration of the extended communication control register (ECCRn) 


7 6 5 4 3 2 1 0 ECCRn 


INV |LBR | MS |SCDE}SSM] BIE | RBI | TBI Initial value 
2 000000X Xs 


R/W W R/WR/WRIW R/W RR 
es ee re eee: cs bitO 


— Transmission bus idle 


: ; ; : ‘ ; 0 Transmission is ongoing 
- eG 1 no transmission activity 


bit1 


Uebakd Reception bus idle 


: : : Reception is ongoing 
aan [parr 
bit2 
227s 
ace OE isaie base rtrupt 
Pea 
- 2 e « bits 
eo 
a [0 Re aarisop bis i-anervonaus mode? | 
[1 | rab starstop bis in ayntvonaus mode? | 


: Serial Clock Delay enable in mode 2 


; : disable clock delay 
enable clock delay 


Master / Slave function in mode 2 


' Master mode (generating serial clock) 
Slave mode (receiving external serial clock) 


z Generating LIN break 


: ee 
\ always read 0 
R/W _:_“~Readable and writable Ea) Generate LIN break 
R : Read only ; 
id = Wile only * Invert Serial Data 
X : Indeterminate 


Serial Data is not inverted (NRZ format) 
Serial Data is inverted (RZ format) 


- : Undefined 


[| : Initial value 


* + Not used in mode 2 when MS = "1" 


n = 0...9 according to device ( Please refer to 
the datasheet of the corresponding device) 
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Table 20-10. Function of each bit of the Extended communication control register (ECCRn) 


This bit inverts the serial data at SINn and SOTn pin. SCKn is not affected (see 
ESCRn: SCES). 
INV: Invert serial data Writing "0": The serial data format is NRZ (default) 
Writing "1": The serial data is inverted (RZ format) 
RMW instructions do not affect this bit. 


Writing a | to this bit generates a LIN synch break of the length selected by the LBLO/ 
1 bits of the ESCRn, if operation mode 3 is selected. Setting to “O” in operation mode 
0. 


This bit selects master or slave mode of USART in synchronous mode 2. 
If master mode is selected, USART generates the synchronous clock by itself. 
Ms: If slave mode is selected, USART receives external serial clock. 
Master/Slave mode selection This bit is fixed to “O” in operation mode 0, | and 3. 
bit Note: 
If slave mode is selected, the clock source must be external and set to “One-to-One” 
(SMRn:SCKE = 0, EXT = 1, OTO = 1). 


LBR: Generating LIN synch 
break bit 


SCDE: ¢ If this bit is set the serial output clock is delayed as shown in Figure 20-20 if USART 
Serial clock delay enable bit operates in master mode 2. 


SSM: e This bit adds start and stop bits to the synchronous data format in operation mode 2. It 
Start/Stop bit mode enable is ignored in mode 0, 1, and 3. 


This bit enables an interrupt on a bus idle condition. 
It enables a receive interrupt, if there is neither reception nor transmission ongoing 
(RBI = 1, TBI = 1) to indicate that the bus is idle. 

¢ Do not use this bit in mode 2 when MS = 1. 

Note: 
When using the bus idle interrupt functionality, set ESIR:AICD = "1" to prevent that 
the interrupt is cleared automatically when the bus is no longer idle. 


BIE: 
Bus idle interrupt enable 


This bit is “1” if there is no reception activity on the SINn pin. 
It is "0" when reception activity is ongoing on the SINn pin. 
Do not use this bit in mode 2. 


RBI: 
Reception bus idle flag bit 


This bit is “1” if there is no transmission activity on the SOTn pin. 
Do not use this bit in mode 2 when MS = "1". 
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20.4.7 


Baud Rate/Reload Counter Register (BGRn) 


USART 


The baud rate/reload counter registers set the division ratio for the serial clock. Also the actual count of the transmission 
reload counter can be read. 


Baud rate generator register (BGRn) 


Figure 20-9. Baud rate generator register (BGRn) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 Initial value 
000000008 
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/WsOR/W 


bit 7 to 0 


been BGR7 to 0 Baud rate Generator Register nO 


write Write bit 7 to 0 of reload value to counter 
read Read bit 7 to 0 of transmittion reload counter 


; bit 15 to 8 
L BGR15 to 8 Baud rate Generator Register n1 


write Write bit 15 to 8 of reload value to counter 
read Read bit 15 to 8 of transmittion reload counter 


R/W : Readable and writable 
R : Read only 
Undefined 


n = 0...9 according to device ( Please 
refer to the datasheet of the correspond- 


Baud rate/reload counter register 


The baud rate/reload counter registers determine the division ratio for the serial clock. 


Both registers can be read or written via byte or word access. 
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20.4.8 Extended Serial Interrupt Register (ESIRn) 


The extended serial interrupt register contains control bits to change the interrupt handling of the USART for improved inter- 
rupt handling and to enable DMA to handle USART data transfers. 


Extended serial interrupt register (ESIRn) 


Figure 20-10. Configuration of the extended serial interrupt register (ESIRn) 


7 6 5 4 3 2 1 0 


ESIRn 
TDRE|RDAF| RBI |AICD Initial value 
XXXX10X0s8 
= * * - R/W R/WR/W R/W 
a or bit 0 


aati Sioa as ; ee AICD Auto Interrupt Clear Disable 
; : ; | 0 | Auto Interrupt Clear is enabled (DMA can not be used) 


Auto Interrupt Clear is disabled (DMA can be used) 


bit 1 
[msi _| Reception Bustle (toky behaviou) 
0 Reception is ongoing or is finished 
No reception activity since last clear 
bit 2 


RDRF Reception Data Register Full (sticky behaviour) 
0 Reception data register is empty 
1 Reception data register is full 
bit 3 


TDRE | Transmission Data Register Empty (sticky behaviour) 


0 Transmission data register is full 
1 Transmission data register is empty 
bit 4 to bit 7 


BA i lel Sb ale Be a | - | Read value is undefined, always write 0 


R/W : Readable and writable 

Xx : Indeterminate 
Undefined n = 0...9 according to device ( Please refer to 
Initial value the datasheet of the corresponding device) 
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aE 20-11. Function of each bit of the extended serial interrupt register (ESIRn) 


| s«Bitname name 


eee These bits are undefined. 
Always write “0”. Read-modify-write is not affected. 


This flag has the same function as SSR:TDRE but it is not cleared when data is written 
to the transmission data register TDR. 
This flag indicates the status of the transmission data register (TDR). 
This bit is set to 1 when data is loaded into the transmission shift register and 
transmission starts. 
ve Lene Bones This bit must be cleared by writing "0". 
; ; When AICD = "0" and SSR: TIE = "1", then SSR: TDRE is used to generate a transmit 


Empty (sticky behaviour) ; 
interrupt. 


When AICD = "1" and SSR: TIE = "1", then ESIR:TDRE is used to generate a 
transmit interrupt. 

Note: 
This bit is set to 1 (TDR empty) as its initial value. 


This flag has the same function as SSR:RDRF but it is not cleared when data is read 
from the reception data register RDR. 
This flag indicates the status of the reception data register (RDR). 
RDRF: This bit is set to 1 when reception data is loaded into RDR. 
bit2 Reception Data Register Full This bit must be cleared by writing "0". 


(sticky Behavignl) When AICD = "0" and SSR:RIE = "1", then SSR:RDRF is used to generate a receive 
interrupt. 
When AICD = "1" and SSR:RIE = "1", then ESIR:RDRF is used to generate a receive 
interrupt. 


This flag has the same function as ECCR:RBI but it is not cleared when the reception 
bus is no longer idle. 
When there is no reception activity ongoing, this bit is set to "1". 
It must be cleared by writing "0". 
When AICD = "0" and ECCR:BIE = "1", then ECCR:RBI is used to generate a 
RBI: receive interrupt. 
Reception Bus Idle (sticky When AICD = "1" and ECCR:BIE = "1", then ESIR:RBI is used to generate a receive 
behaviour) interrupt. 
Note: 
When an interrupt shall be generated by a bus idle condition, set AICD = "1". When 
AICD = "0", ECCR:RBI would be used for interrupt generation. As soon as the bus is 
no longer idle, ECCR:RBI is "0" and the interrupt may be removed even before the 
interrupt handling routine could acknowledge it. 


When this bit is "0", then SSR: TDRE, SSR:RDRF and ECCR:RBI are used to 
generate interrupts. In this mode, the USART can not be used together with DMA. 
When this bit is "1", then ESIR: TDRE, ESIR:RDRF and ESIR:RBI are used to 
generate interrupts. In this mode, the USART can be used together with DMA. 

Note: 
When AICD = "0", the USART can not be used with DMA. If DMA is used to handle 
data transfers of the USART, set AICD = "1". 


AICD: 
Auto Interrupt Clear Disable 
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20.5 USART Interrupts 


USART uses both reception and transmission interrupts. An interrupt request can be generated for either of the following 
causes: 


m Receive data is set in the Reception Data Register (RDRn), or a reception error occurs. 


m Transmission data is transferred from the Transmission Data Register (TDRn) to the transmission shift register and 
started. 


m ALIN break is detected 


DMA is available for these interrupts. 


20.5.1 LIN-USART interrupts 


Table 20-12. Interrupt control bits and interrupt causes of =) noma 


eer Ee Operation mode 


ee cause pe=sa to clear the 


eer request Ee bit | Flag Register -Cowaten mete | garuptcaue | JUTE ee bit pe=sa Request 


receive data is written to  . data 
RDRF SSRn 
roe jem (O° PO igeeaneeee | is  . 
See = 
SSRn:RIE "1" is written to clear rec. 
rest sm [o[o[t [0 |ranmaenr | os 


bit (SCRn: CRE) 


on = 
of escrn PEPE? fein LIN synch break detected | ESCRhn:LBIE a ee SERENE SCH: 


Transmission TORE IssAn |O | Torn [TDRnempty IssAncTIE TIE |Write data toTDRn data to TDRn 


ECCRn,ESIR Neither transmission nor Write "0" to ESIRn:RBI 
3 
Bus Idle BB TB P= Pr pt reception activity ECCRnEIE write data to TDRn 


sia ne Icsy? 5th ea ellie a eree | edge of LIN synch ey: IGEy? disable Jdsabieiory 
ea ellie a eree | y 

O: Used 

XX: Unused 


1: Only available if ECCRn/SSM = 1 


2: For the Input Capture Unit number y refer to chapter Input Capture Unit Source Select for LIN-USART on page 27 
3: It is not recommended to use bus idle interrupt with ESIR:AICD = 0, because in this case, as soon as reception activity starts, this interrupt is cleared. 


Receive interrupt 
If one of the following events occurs in reception mode, the corresponding flag bit of the Serial Status Register (SSRn) and 
the Extended Serial Interrupt Register (ESIRn) is set to “1”: 


mu Data reception is complete, i. e. the received data was transferred from the serial input shift register to the Reception Data 
Register (RDRn) and data can be read: SSRn:RDRF, ESIRn:RDRF 


m = Overrun error, i. e. SSRn:RDRF = 1 and RDR was not read by the CPU and received next serial data: SSRn:ORE 
m Framing error, i. e. a stop bit was expected, but a "0"-bit was received: SSRn:FRE 
m Parity error, i. e. a wrong parity bit was detected: SSRn:PE 


If ESIR:AICD = 0 and at least one of the flag bits SSRn:RDRF, SSRn:ORE, SSRn:FRE, SSRn: PE is set to “1” and the 
receive interrupt is enabled (SSRn:RIE = 1), a receive interrupt request is generated. 


If ESIR:AICD = 1 and at least one of the flag bits ESIRn:RDRF, SSRn:ORE, SSRn:FRE, SSRn: PE is set to “1” and the 
receive interrupt is enabled (SSRn:RIE = 1), a receive interrupt request is generated. 


If the Reception Data Register (RDRn) is read, the SSRn:RDRF flag is automatically cleared to “O”. Note that this is the only 
way to reset the SSRn:RDPF flag. 
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The error flags are cleared to “0”, if a “1” is written to the Clear Reception Error (CRE) flag bit of the Serial Control Register 
(SCRn). The RDRn contains only valid data if the RDRF flag is “1” and no error bits are set. 


Note that the CRE flag is "write only" and by writing a'"1" to it, it is internally held to "1" for one CLKP1 clock cycle. 


Transmission Interrupt 


If transmission data is transferred from the Transmission Data Register (TDRn) to the transfer shift register and transfer is 
started, the Transmission Data Register Empty flag bit (TDRE) of the Serial Status Register (SSR) is set to “1”. In this case an 
interrupt request is generated, if the Transmission Interrupt Enable (TIE) bit of the SSR was set to “1” before. 


Note, that the initial value of TDRE (after hardware or software reset) is “1”. So an interrupt is generated immediately then, if 
the TIE flag is set to “1”. Also note, that the only way to reset the TDRE flag is writing data to the Transmission Data Register 
(TDRn). 


Bus Idle Interrupt 


If no reception is ongoing at the SINn pin, the bits ECCRn:RBI and ESIRn:RBI are set to "1". ECCRn:RBI is cleared as soon 
as reception is starting, while ESIRn:RBI must be cleared explicitely by writing "0" to this bit. 


If no transmission is ongoing at the SOTn pin, the bit ECCRn:TBI is set to "1". When transmission is starting, ECCRn:TBI is 
cleared again. 


If ESIRn:AICD = "0" and ECCRn:BIE = "1", the interrupt is generated as soon as both ECCRn:RBI and ECCRn:TBI are "1". It 
is cleared as soon as either ECCRn:RBI or ECCRn:TBI is cleared. Do not use the bus idle interrupt with AICD = "0", because 
ECCRn:RBI may be cleared before the interrupt handling software is able to clear the interrupt. 


If ESIRn:AICD = "1" and ECCRn:BIE = "1", the interrupt is generated as soon as both ESIRn:RBI and ECCRn:TBI are "1". It 
is cleared as soon as either ESIRn:RBI or ECCRn:TBI is cleared. Use the bus idle interrupt with ESIRn:AICD = 1, because 
both ESIRn:RBI and ECCRn:TBI are acknowlegde by the interrupt service routine. 


LIN Synchronization Break Interrupt 


This paragraph is only relevant, if USART operates in mode 3 as a LIN slave. 


If the bus (serial input) goes “0” (dominant) for more than 11 bit times, the LIN Break Detected (LBD) flag bit of the Extended 
Status/Control Register (ESCRn) is set to “1”. Note, that in this case after 9 bit times the reception error flags are set to “1”, 
therefore the RXE flag has to set to “O”, if only a LIN synch break detect is desired. 


The interrupt and the ESCRn:LBD flag are cleared after writing a "O" to the LBD flag. This has to be performed before input 
capture interrupt for LIN sync field. 
LIN Synchronization Field Edge Detection Interrupts 


This paragraph is only relevant, if USART operates in mode 3 as a LIN slave. After a LIN break detection the next falling edge 
of the reception bus is indicated by USART. Simultaneously an internal signal connected to the ICU associated to the LIN- 
USART is set to “1” (please refer to chapter Input Capture Unit Source Select for LIN-USART on page 27 for an overview 
which ICU is associated to which LIN-USART). 


This signal is reset to “O” after the fifth falling edge of the LIN Synchronization Field. In both cases the associated ICU gener- 
ates an interrupt, if “both edge detection” and the ICU interrupt are enabled. The difference of the ICU counter values is the 
serial clock multiplied by 8. Dividing it by 8 results in the new detected and calculated baud rate for the dedicated reload 
counter. This value - 1 has then to be written to the Baud Rate Generator Registers (BGRn). There is no need to restart the 
reload counter, because it is automatically reset if a falling edge of a start bit is detected. 


20.5.2 USART DMA functions 


The USART can be operated with DMA, for reception or transmission. Please refer to DMA on page 95 for details about 
DMA. 


Note: 
When USART is served by DMA, set ESIRn:AICD = "1". 
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In addition, in case of an error while reception, the ongoing DMA transfer would be stopped, if the SE bit of DMACS register 
of the corresponding DMA channel is set. 

20.5.3 Receive interrupt Generation and Flag Set Timing 

The following are the receive interrupt causes: completion of reception (SSRn:RDRF) and occurrence of a reception error 
(SSRn:PE, ORE, or FRE). 

Receive interrupt generation and flag set timing 


Generally a receive interrupt is generated, if the received data is complete (when ESIRn:AICD = "0": SSRn:RDRF = "1", when 
ESIRn:AICD = "1": ESIRn:RDRF = "1") and the receive interrupt Enable (RIE) flag bit of the Serial Status Register (SSRn) 
was set to “1”. This interrupt is generated if the first stop bit is detected in mode 0, 1, 2 (if SSM = 1), 3, or the last data bit was 
read in mode 2 (if SSM = 0). 

Note: 

If a reception error has occurred, the Reception Data Register (RDRn) contains invalid data in each mode. 


Figure 20-11. Reception operation and flag set timing 


Receive data ; et eee 


Receive data Sts 
(mode 1) —\st /po X D1 XdD2 : .... | D6 > alae \ ST / 


Receive data 
(mode 2) 


PE (), FRE 
RDRF 


ORE (?) 
(if RDRF = "1") 


reception interrupt occurs 


*1: The PE flag will always remain "0" in mode 1 or 3. 


*2: ORE only occurs, if the reception data is not read by the CPU (RDRF = 1) and 
another data frame is read. 


ST: Start Bit SP: Stop Bit A/D: Mode 1 (multi processor) address/data selection bit 


Note: 


The example in Figure 20-11 does not show all possible reception options for mode 0 and 3. Here it is: “7p1” and “8N1” (p = 
“E” [even] or “O” [odd]). 


Figure 20-12. ORE set timing: 


Ree? \ LOOX NLL. 
data - c .. 
RDRF 


ORE 
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20.5.4 Transmission Interrupt Generation and Flag Set Timing 

A transmission interrupt is generated when the transmission data is transferred from transmission data register (TDRn) to 
transmission shift register and started. 

Transmission interrupt generation and flag set timing 


A transmission interrupt is generated, when the next data to be sent is ready to be written to the Transmission Data Register 
(TDRn), i. e. the TDRn is empty, and the transmission interrupt is enabled by setting the Transmission Interrupt Enable (TIE) 
bit of the Serial Status Register (SSRn) to “1”. 


The Transmission Data Register Empty (TDRE) flag bit of the SSRn indicates an empty TDRn. Writing data to TDRn clears 
the TDRE bit. 


The following figure demonstrates the transmission operation and flag set timing for the four modes of USART. 


Figure 20-13. Transmission operation and flag set timing 


transmission interrupt occurs transmission interrupt occurs 
Mode 0, 1 or 3: 
write to TDR _| 
TDRE 7 | 
serial output | sT| Dd 01] D2] D3] D4] D5] De] D7 AD! SP sT| Do] DI D2] D3] D4] Ds] De] D7 Ap'sP 
transmission interrupt occurs transmission interrupt occurs 
Mode 2 (SSM = 0): 
write to TDR 
TDRE 
serial output DO} D1} D2} D3) D4} D5} Dé} D7| DO} D1] D2) D3] D4) D5} D6] D7] DO} D1} D2] D3} D4 
ST: Start bit DO...D7: data bits P: Parity SP: Stop bit AD: Address/data selection bit (mode1) 


Note: 


The example in Figure 20-13 does not show all possible transmission options for mode 0. Here it is: “8p1” (p = “E” [even] or 
“O” [odd]). Parity is not provided in mode 3 or 2, if SSM = 0. 


Transmission interrupt request generation timing 


If the TDRE flag is set to “1” when a transmission interrupt is enabled (SSRn: TIE=1), transmission interrupt request is gener- 
ated. 


Note: 


A transmission completion interrupt is generated immediately after the transmission interrupt is enabled (TIE=1) because the 
TDRE bit is set to 1 as its initial value. Carefully specify the transmission interrupt enable timing. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 409 


Se CYPRESS 


USART SS EMBEDDED IN TOMORROW 


20.6 USART Baud Rates 


One of the following can be selected for the USART serial clock source: 
m Dedicated baud rate generator (Reload Counter) 

m External clock as it is (clock input to the SCKn pin) 

m External clock connected to the baud rate generator (Reload Counter) 


20.6.1 USART baud rate selection 


The baud rate selection circuit is designed as shown below. One of the following three types of baud rates can be selected: 


Baud rates determined using the dedicated baud rate generator (reload counter) 


USART has two independent internal reload counters for transmission and reception serial clock. The baud rate can be 
selected via the 16-bit reload value determined by the Baud Rate Generator Registers (BGRn). 


The reload counter divides the peripheral clock CLKP1 by the value set in the Baud Rate Generator Registers. 


Baud rates determined using external clock (one-to-one mode) 


The clock input from USART clock pulse input pins (SCk) is used as it is (Synchronous). Any baud rate less than the periph- 
eral clock CLKP1 divided by 4 and is divisible can be set externally. 


Baud rates determined using the dedicated baud rate generator with external clock 


An external clock source can also be connected internally to the reload counter. In this mode it is used instead of the internal 
peripheral clock CLKP1. This was designed to use quartz oscillators with special frequencies and having the possibility to 
divide them. 
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Figure 20-14. Baud rate selection circuit (reload counter) 


REST 


Start bit falling 
Reload Value: v edge detected 


Reception Reception 
16-bit Reload Counter Clock 


Reload Value: v 


Peripheral clock 
CLKP1 —— Transmission 
SCKn 16-bit Reload Counter 


(external 
clock input) 


Count Value: Txc 


Transmission 
Clock 


SMRn BGRHn 


=— register register 


20.6.2 Setting the Baud Rate 


This section describes how the baud rates are set and the resulting serial clock frequency is calculated. 


20.6.2.1 Calculating the baud rate 


The both 16-bit reload counters are programmed by the baud rate generator registers (BGRn). The following calculation for- 
mula should be used to set the desired baud rate: 


Reload Value: 
v=[®/b]-1, 


where © is the peripheral clock CLKP1, b the baud rate and [] gaussian brackets (mathematical rounding function). 


Example of calculation 
If the peripheral clock CLKP1 is 16 MHz and the desired baud rate is 19200 bps baud then the reload value v is: 
v = [16*10° / 19200] - 1 = 832 


The exact baud rate can then be recalculated: beyact = ® / (v + 1), here it is: 16*10° / 833 = 19207.6831 
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Note: 


Setting the reload value to 0 stops the reload counter. For this reason the minimum division ratio is 2. For asynchronous com- 
munication, the reload value must be greater than equal to 4 because 5 times over-sampling is performed internally. 


20.6.2.2 Suggested division ratios for different peripheral clock CLKP1 frequencies and baud rates 


The following settings are suggested for different peripheral clock CLKP1 frequencies and baud rates: 


Table 20-13. Suggested baud rates and reload values at different peripheral clock CLKP1 frequencies. 


8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 


Baud rate 
ame fo ts fo 


joao [oe ore —|e0 —Juos [ese [ons on Joos ooo 
soo fase faa toar_— fons tees_— foe faoas__— [os faasa fo 
j4soo_ {tess fooe if zose_-ooe |saae_ coor fates [coor fa fo 
joo [gaze <oot fates <o.or_ fesse <o.or_[sase_—[<oo1__—fas0a fo 
1200 [esse <o.ot fesse owe | sgaze__—f<o.or | 6666 [<o01_frs999 fo 
so |1sas2__—f<oot | res6s_<o.or_— fesse coor | |) 
300 fesse coor 


Note: 


1) Deviations are given in %. 


2) Maximum Synchronous Baud Rate: Peripheral clock CLKP1 frequency divided by 5. 


20.6.2.3 Using external clock 


If the EXT bit of the SMRn register is set, an external clock is selected, which has to be connected to the SCKn pin. The exter- 
nal clock is used in the same way as the peripheral clock CLKP1 to the baud rate reload counter. 


If One-to-one External Clock Input Mode (SMRn:OTO) is selected the SCKn signal is directly connected to the USART serial 
clock inputs. This is needed for the USART synchronous mode 2 operating as slave device. 


Note, that in any case the resulting clock signal is synchronized to the peripheral clock CLKP1 in the USART module. This 
means that indivisible clock rates will result in phase unstable signals. 
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20.6.2.4 Counting example 
Assume the reload value is 832. The Figure 20-15 demonstrates the behavior of both Reload Counters: 


Figure 20-15. Counting example of the reload counters 


Transmission/ soe 
Reception Clock 

Reload 
Count 


“001 000 832 831 830 829 828 827 


reload count value 


Transmission/ 


Reception Clock 


Reload 
Count 


“417 416 415 414 413 412 41 410 


Note: 


The falling edge of the Serial Clock Signal always occurs after | (v+1)/2 |. 


20.6.3 Restarting the Reload Counter 
The Reload Counters can be restarted of the following reasons: 


Transmission and reception reload counter: 

m= Global MCU reset 

m USART programmable clear (SMRn:UPCL bit) 
m User programmable restart (SMRn:REST bit) 


Reception reload counter: 
= Start bit falling edge detection in asynchronous mode 


20.6.3.1 Programmable restart 


If the REST bit of the Serial Mode Register (SMRn) is set by the user, both Reload Counters are restarted at the next clock 
cycle. This feature is intended to use the Transmission Reload Counter as a small timer. 


The following figure illustrates a possible usage of this feature (assume that the reload value is 100.) 
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Figure 20-16. Reload counter restart example 


et I TLL LULU 


Reload 


Counter 
Clock 


Outputs 


REST IV 


Reload 
Value 37 36 35 100 i 99 98 97 k 96 95 94 93 92 X91 90 89 88 87 


Read 
BGRx 


1 
= TTL TT 


In this example the number of peripheral clock CLKP1 cycles (cyc) after REST is then: 
cyc=v-c+1=100-90+1=11, 


where v is the reload value and c is the read counter value. 


Note: 


If USART is reset by setting SMRn:UPCL, the Reload Counters will restart too. 
m Automatic restart 


In asynchronous USART mode if a falling edge of a start bit is detected the Reception Reload Counter is restarted. This is 
intended to synchronize the serial input shifter to the incoming serial data stream. 


Clearing reload counters 


The baud rate reload/counter register (BGRn) and the baud rate reload counters are cleared to "0" by the MCU global reset 
and the counters stops. The reload counters are cleared to "0" by writing "1" to the UPCL bit in the SMRn register. However 
the value stored in the reload register is kept unchanged and the counters start from reload value immediately. Writing "0" to 
the REST bit does not clear the counters and they restart from reload value immediately. 
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20.7 Operation of USART 


USART operates in operation mode 0 for normal bidirectional serial communication, in mode 2 and 3 in bidirectional commu- 
nication as master or slave, and in mode 1 as master or slave in multiprocessor communication. 


Operation of USART 


m= Operation modes 


There are four USART operation modes: modes 0 to 3. As listed in Table 20-14, an operation mode can be selected 
according to the communication method. 


Table 20-14. USART operation mode 


Operation mode Data length Synchronization | Length of | data bit 
parity disabled | parity enabled of mode stop bit | direction "' 


}0__ | normal mode 


Easton ire uw | 


“1: means the data bit transfer format: LSB or MSB first 
*2: "+1" means the indicator bit of the address/data selection in the multiprocessor mode, instead of parity. 


Note: 


Mode 1 operation is supported both for master or slave operation of USART in a master-slave connection system. In Mode 3 
the USART function is locked to 8N1-Format, LSB first. 


If the mode is changed, USART cuts off all possible transmission or reception and awaits then new action. 


Inter-CPU connection method 


External Clock One-to-one connection (normal mode) and master-slave connection (multiprocessor mode) can be selected. 
For either connection method, the data length, whether to enable parity, and the synchronization method must be common to 
all CPUs. Select an operation mode as follows: 


m Inthe one-to-one connection method, operation mode 0 or 2 must be used in the two CPUs. Select operation mode 0 for 
asynchronous transfer mode and operation mode 2 for synchronous transfer mode. 
Note, that one CPU has to be configured as master and the other has to be configured as slave in synchronous mode 2. 


m Select operation mode 1 for the master-slave connection method and use it either for the master or slave system. 
Synchronization methods 
In asynchronous operation USART reception clock is automatically synchronized to the falling edge of a received start bit. 


In synchronous mode the synchronization is performed either by the clock signal of the master device or by USART itself if 
operating as master. 


Signal mode 


USART can treat data only in non-return to zero (NRZ) format. 


Operation enable bit 


USART controls both transmission and reception using the operation enable bit for transmission (SCRn: TXE) and reception 
(SCRn: RXE). 


m If reception operation is disabled during reception (data is input to the reception shift register), finish frame reception and 
read the received data of the reception data register (RDRn). Then stop the reception operation. 
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m_ Ifthe transmission operation is disabled during transmission (data is output from the transmission shift register), wait until 
there is no data in the transmission data register (TDRn) before stopping the transmission operation. 

20.7.1. Operation in Asynchronous Mode (Op. Modes 0 and 1) 

When USART is used in operation mode 0 (normal mode) or operation mode 1 (multiprocessor mode), the asynchronous 

transfer mode is selected. 


20.7.1.1 | Operation in asynchronous mode 


Transfer data format 


Generally each data transfer in the asynchronous mode operation begins with the start bit (low-level on bus) and ends with at 
least one stop bit (high-level). The direction of the bit stream (LSB first or MSB first) is determined by the BDS bit of the Serial 
Status Register (SSRn). The parity bit (if enabled) is always placed between the last data bit and the (first) stop bit. 


In operation mode 0 the length of the data frame can be 7 or 8 bits, with or without parity, and 1 or 2 stop bits. 


In operation mode 1 the length of the data frame can be 7 or 8 bits with a following address-/data-selection bit instead of a 
parity bit. 1 or 2 stop bits can be selected. 


The calculation formula for the bit length of a transfer frame is: 
Lengthh=1+d+p+s 


(d = number of data bits [7 or 8], p = parity [0 or 1], s = number of stop bits [1 or 2] 


Figure 20-17. Transfer data format (operation modes 0 and 1)) 


4 *9 
Operation mode 0 \st [» oi \(p2 Xba) D4 Ds Da o7ip/ SP SP 
Operation mode 1 \st /po XD1 \ D2 \ D3 X D4 X Ds k pe \ p7\a0/ SP 


* D7 (bit 7) if parity is not provided and data length is 8 bits 
P (parity) if parity is provided and data length is 7 bits 


** only if SBL bit of SCR is set to 1 


ST: Start Bit | SP: Stop Bit A/D: Address/data selection bit in mode 1 (multiprocessor mode) 


Note: 
If BDS bit of the Serial Status Register (SSRn) is set to “1” (MSB first), the bit stream processes as: D7, D6, ..., D1, DO, (P). 


During Reception both stop bits are detected, if selected. But the Reception data register full (RDRF) flag will go “1” at the first 
stop bit. The bus idle flag (RBI of ECCRn) goes “1” after the second stop bit if no further start bit is detected. (The second stop 
bit belongs to “bus activity”, although it is just mark level.) 


Transmission operation 


If the Transmission Data Register Empty (TDRE) flag bit of the Serial Status Register (SSRn) is “1”, transmission data is 
allowed to be written to the Transmission Data Register (TDRn). When data is written, the TDRE flag goes “0”. If the transmis- 
sion operation is enabled by the TXE-Bit (“1”) of the Serial Control Register (SCRn), the data is written next to the transmis- 
sion shift register and the transmission starts at the next clock cycle of the serial clock, beginning with the start bit. Thereby 
the TDRE flag goes “1”, so that new data can be written to the TDRn. 
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If transmission interrupt is enabled (TIE = 1), the interrupt is generated by the TDRE flag. Note, that the initial value of the 
TDRE flag is “1”, so that in this case if TIE is set to “1” an interrupt will occur immediately. 


When the character length is set to 7 bits (CL=0), the unused bit of the TDRn is always the MSB, independently from the bit 
direction setting in the BDS bit (LSB first or MSB first). 
Reception operation 


Reception operation is performed when it is enabled by the Reception Enable (RXE) flag bit of the SCRn. If a start bit is 
detected, a data frame is received according to the format specified by the SCRn. In case of errors, the corresponding error 
flags are set (PE, ORE, FRE). After the reception of the data frame the data is transferred from the serial shift register to the 
Reception Data Register (RDRn) and the Receive Data Register Full (RDRF) flag bits of SSRn and ESIRn registers are set. 


If receive interrupt is enabled (RIE = 1) and ESIRn:AICD = "0", the interrupt is generated by SSRn:RDRF. 
If receive interrupt is enabled (RIE = 1) and ESIRn:AICD = "1", the interrupt is generated by ESIRn:RDRF. 
The data then has to be read by the CPU. By doing so, the SSRn:RDRF flag is cleared. 

When ESIRn:AICD = "0", this also clears the interrupt. 

When ESIRn:AICD = "1", the interrupt mst be cleared by writing "1" to ESIRn:RDRF. 


When the character length is set to 7 bits (CL=0), the unused bit of the RDRn is always the MSB, independently from the bit 
direction setting in the BDS bit (LSB first or MSB first). 


Note: 


Only when the RDRF flag bit is set and no errors have occurred the Reception Data Register (RDRn) contains valid data. 


Used clock 


Use the internal clock or external clock. Select the baudrate generator (SMRn:EXT = 0 or 1, SMRn:OTO = 0) for desired bau- 
drate. 


Stop bit, error detection, and parity: 


Number of stop bit, 1 or 2 can be specified by the SBL bit of the SCRn register. When receiving and 2-bit is specified as the 
stop bit, the second stop bit is checked in addition to the first stop bit. The RBI (bus idle) flag is set after the second stop bit. 
However the RDRPF flag is set when the first stop bit is received. In mode 0, parity error, overrun error and framing error are 
checked. In mode 1, parity check is not supported and overrun error and framing error are checked. The PEN bit of the SCRn 
register enables/disables the parity bit and the P bit specifies even or odd parity in mode 0. 


20.7.2 Operation in Synchronous Mode (Operation Mode 2) 


The clock synchronous transfer method is used for USART operation mode 2 (normal mode). 
20.7.2.1_ Operation in synchronous mode (operation mode 2) 


Transfer data format 


In the synchronous mode, 8-bit data is transferred without start or stop bits if the SSM bit of the Extended Communication 
Control Register (ECCRn) is 0. The figure below illustrates the data format during a transmission in the synchronous opera- 
tion mode. 
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Reception or transfer data 


\oo Yor \ ve\ os\ pay os} os o7/ 
(ECCRn:SSM=0, SCRn:PEN=0) 


(ECCRn:SSM=1, SCRn:PEN=0) 


Reception or transfer data ST [v0 Ko: } 02} v3 4\ ps} 06 07/ SP SP 


* 


(ECCRn:SSM=1, SCRn:PEN=1) 


ST: Start Bit | SP: Stop Bit 


Reception or transfer data \ ST / DO X D1 X D2 X D3 \ D4 xX D5 X D6 X D7X P / SP SP 


* only if SBL bit of SCRn is set to 


P : Parity Bit 


20.7.2:2 


Clock inversion and start/stop bits in mode 2 


If the SCES bit of the Extended Status/Control Register (ESCRn) is set the serial clock is inverted. Therefore in slave mode 
USART samples the data bits at the falling edge of the received serial clock. Note, that in master mode if SCES is set the 
clock signal’s mark level is “O”. If the SSM bit of the Extended Communication Control Register (ECCRn) is set the data for- 
mat gets additional start and stop bits like in asynchronous mode. 


Figure 20-19. Transfer data format with clock inversion 


reception or transmission clock 
(SCES = 0, CCO = 0): 


reception or transmission clock 
(SCES = 1, CCO = 0): 


data stream (SSM = 1) 
(here: no parity, 1 stop bit) 


PLL ine 


ST SP 
at 


a 


data frame 


20.7.2.3 Clock supply: 


In operation mode 2, the number of clock cycles for the clock signal must be the same as the number of bits for the data 
including start and stop bits. If the MS bit of the ECCRnh register is "0" (master mode) and the SCKE bit of the SMRn register 
is "1" (clock output enabled), the consistent clock cycles are generated automatically. If the MS bit of the ECCRn register is 


"{" (slave mode), make sure that correct clock cycles 
communication, the clock signal must be kept at "1" as 


are generated by the other communication device. While there is no 
the mark level. 


If the SCDE bit of the ECCRnh register is "1", the clock output signal is delayed by the half of the serial clock cycle as shown in 
figure 20.7-4. The operation is prepared for communication devices which use the falling edge of the serial clock signal for the 


data sampling. 


418 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


SCYPRESS 


> EMBEDDED IN TOMORROW USART 


Figure 20-20. Delayed transmitting clock signal (SCDE=1) 


Transmission data | 
writing 


, data sample edge (SCES = 0) 


ee Mark level 
(normal) eotetetals tetas er 
ark leve' 
Tt sai 
deoeeebey LLL LLL 
Transmission and : : 
reception data 0 1 1 0 | 1 | 0: 0 1 
LSB Data MSB 
—_ aa 


If the SCES bit of the ESCRnh register is "1", the serial clock signal is inverted. Receiving data is sampled at the falling edge of 
the serial clock. 


If the MS bit of the ECCRnh register is "0" (master mode) and the SCKE bit of the SMRn register is "1" (clock output enabled), 
the output clock signal is also inverted. 


While there is no communication, the clock signal must be kept at "0" as the mark level. 


If the CCO bit of the ESCRn register is "1", the serial clock is signaled even while there is no data communication. Therefore 
it is recommended to specify the start/stop bits as shown in Figure 20-21. 


Figure 20-21. Continuous clock output in mode 2 


i issi lock 
(SCES 0 CCOn tn (UU UU UU UU UU UU 


reception or transmission clock | | | | | | | | | | | | | | 
(SCES = 1, CCO = 1): 


data stream (SSM = 1) sr| aa 
(here: no parity, 1 stop bit) : 


; 
data frame 


20.7.2.4 — Error detection: 


If no start/stop bits is selected (ECCRn: SSM = 0) only overrun errors are detected. 


20.7.2.5 § Communication: 

For initialization of the synchronous mode, following settings have to be done: 
Baud rate generator registers (BGRn): 

Set the desired reload value for the dedicated baud rate reload counter. 
Serial mode control register (SMRn): 

MD1, MDO: “10,” (Mode 2) 

SCKE: “1” for the dedicated Baud Rate Reload Counter 

“O” for external clock input 

SOE:“1” for transmission and reception 


“0” for reception only 
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Serial control register (SCRn): 

RXE, TXE: set both of these flags to “O” 

A/D: no Address/Data selection - don’t care 
CL: automatically fixed to 8-bit data - don’t care 


CRE: “1” to clear receive error flags. 
-- when SSM=0 (default): 


PEN, P, SBL: don’t care 
-- when SSM=1: 
PEN: “1” if parity bit is added/detected, “O” if not 
P: “0” for even parity, “1” odd parity 
SBL: “1” for 2 stop bits, “O” for 1 stop bit. 


Serial status register (SSRn): 
BDS: “0” for LSB first, “1” for MSB first 
RIE: “1” if interrupts are used; “O” receive interrupts are disabled. 


TIE: “1” if interrupts are used; “O” transmission interrupts are disabled. 


Extended communication control register (ECCRn): 
SSM: “O” if no start/stop bits are desired (normal); “1” for adding start/stop bits (special) 


MS: “O” for master mode (USART generates the serial clock); “1” for slave mode (USART receives serial clock from the mas- 
ter device) 


Serial control register (SCRn): 


RXE, TXE: set one or both of these control bits to"1" to begin communication. 


20.7.3. Operation with LIN Function (Operation Mode 3) 
USART can be used either as LIN-Master or LIN-Slave. For this LIN function a special mode is provided. Setting the USART 
to mode 3 configures the data format to 8N1-LSB-first format. 


20.7.3.1 | Operation in asynchronous LIN mode (operation mode 3) 


USART as LIN master 


In LIN master mode the master determines the baud rate of the whole sub bus, therefore slaves devices have to synchronize 
to the master. Therefore the desired baud rate remains fixed in master operation after initialization. 


Writing a “1” into the LBR bit of the Extended Communication Control Register (ECCRn) generates a 13 - 16 bit time low-level 
on the SOT pin, which is the LIN synchronization break and the start of a LIN message. Thereby the TDRE flag of the Serial 
Status Register (SSRn) goes “0” and is reset to “1” after the break, and generates a transmission interrupt for the CPU (if TIE 
of SSRn is “1”). 
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The length of the Synchronization break to be sent can be determined by the LBL1/0 bits of the ESCRn as follows: 


Table 20-15. LIN break length 


ee 
ee Ce 
of 


15 Bit times 
16 Bit times 


The Synch Field is sent as byte data of 0x55 after the LIN break. To prevent a transmission interrupt, the 0x55 can be written 
to the TDRn just after writing the “1” to the LBR bit, although the TDRE flag is “O”. The internal transmission shifter waits until 
the LIN break has finished and shifts the TDRn value out afterwards. In this case no interrupt is generated after the LIN break 
and before the start bit. 


USART as LIN slave 


In LIN slave mode USART has to synchronize to the master’s baud rate. If Reception is disabled (RXE = 0) but LIN break 
Interrupt is enabled (LBIE = 1) USART will generate a receive interrupt, if a synchronization break from the LIN master is 
detected, and indicates it with the LBD flag of the ESCRn. Writing “O” to this bit clears the receive interrupt request. The LIN 
slave may need to calculate the baud rate from the synch field. In this case, the time between the first falling edge to the fifth 
falling edge of the synch field is measured by the input capture module. For this purpose, the input capture module is con- 
nected to the LIN-USART with an internal signal. This internal signal changes from "0" to "1" at the first falling edge then "1" to 
"O" at the fifth falling edge. Therefore the input capture module should be set to detect both rising and falling edge. Also the 
input signal from the LIN-USART should be selected. The time measured by the input capture module represents 8 times of 
the baud rate clock cycle. 


Therefore, baud rate setting value is summarized as follows: 


without timer overflow : BGRn value = (b-a)/8 
with timer overflow : BGRn value = (max + b-a)/8 
where max is the timer maximum value at the overflow occurs. 
where a is the value of the ICU counter register after the first Interrupt 


where b is the value of the ICU counter register after the second Interrupt 


For the correspondence between other USARTs and ICUs, see 16-bit Free-Running Timer on page 302. 


LIN Synch Break Detection Interrupt and Flags 


If a LIN Synch synchronization break is detected in the slave mode, the LIN Break Detected (LBD) flag of the ESCRn is set to 
“1”. This causes an interrupt, if the LIN Break Interrupt Enable (LBIE) bit is set. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 421 


USART 


Figure 20-22. LIN synch break detection and flag set timing. 
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Serial clock 


cycle# 01 


FUL] 


Serial 
clock 


MUU UU 


2345 6/7 8 9 101112131415 


; 


UU ULL UUU UL 


Serial 
Input 


FRE 
(RXE=1 


LBD 
(RXE=0) 


Reception interrupt occurs, if RXE=1 


i Pee ccc cere ere e 
(LIN bus) 


mn 


Reception interrupt occurs, if RXE=0 


The figure above demonstrates the LIN synch break detection and flag set timing. 


Note, that if reception is enabled (RXE = 1) and receive interrupt is enabled (RIE = 1) the Reception Data Framing Error 
(FRE) flag bit of the SSRn will cause a receive interrupt 2 bit times (“8N1”) earlier than the LIN break interrupt, so it is recom- 


mended to turn off RXE, if a LIN break is expected. 


LBD is only supported in operation mode 3. 


The Figure 20-23 shows a typical start of a LIN message frame and the behavior of the USART. 


Figure 20-23. USART behavior as slave in LIN mode 
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Figure 20-24. LIN bus timing and USART signals 
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m Write the desired value to ESCRn:SIOP before enabling the output pin access to prevent undesired output level because 
ESCRn:SIOP holds the last written value. 


In LIN mode this function can be used for reading back the own transmission and is used for error handling if something is 


(SOPE) bit of the ESCRn the software can force the SOTn pin to a desired value. Note that this access is only possible if the 
physically wrong with the single-wire LIN-bus. 


transmission shift register is empty (i. e. no transmission activity). 
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m During a Read-Modify-Write operation the ESCRn:SIOP bit returns the actual value of the SOTn pin in the read cycle 


instead of the value of SINn during a normal read instruction. 


20.7.5 —_ Bidirectional Communication Function (Normal Mode) 


In operation mode 0 or 2, normal serial bidirectional communication is available. Select operation mode 0 for asynchronous 


communication and operation mode 2 for synchronous communication. 


20.7.5.1 Bidirectional communication function 


The settings shown in Figure 20-25 are required to operate USART in normal mode (operation mode 0 or 2). 


Figure 20-25. Settings for USART operation mode 0 and 2 


biti biti biti biti biti bit! bit9 bits bit7 bité bits bit4 bit3 bit2  bitt 


bitO 


SCRn, SMRn PEN| P| sBL | CL 


AD | CRE | RXE 


TXE | MD1 | MDO | OTO | EXT | REST | UPCL | SCKE 


SOE 


Mode0O er O OOO x ® O©@O ® 2 9 0 G0 9 9 
Mode2__y [GH] [Gl x + X ° oOo 1 0 OO 9 ° CO 


© 
© 


SSRn, TDRn/RDRn |} pe ORE | FRE | RDRF 


Set conversion data (during writing) 
Retain conversion data (during readi 


TDRE | BDS | RIE TIE 


ng) 


Mode0 er © CO OOOO OO 
Mode2_»+ OOO OOO OO 


ModeO— wx x x x © © 0 0 


Xx X X © 


ESCRn, ECCRn LBIE | LBD | LBL1 | LBLo |SOPE| siop | cco | ScES [ose | ms | ex fou |] RBI 78 | 
0 


© 


: Bit automatically set to correct value 


mode e— eee EE KOO © *©oOo usb 
(©) : Bit used 

x : Bit not used 

0 :SetO 

1 : Set n=0...9 according to device ( Please refer to 
[Li] : Bit used if MS = 0 (Master Mode) the datasheet of the corresponding device) 
+ 


Inter-CPU connection 
As shown in Figure 20-26, interconnect two CPUs in USART mode 2. 


Figure 20-26. Connection example of USART mode 2 bidirectional communication 


CPU-1 (Master) CPU-2 (Slave) 
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Figure 20-27. Example of master-slave communication flowchart 
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20.7.6 Master-Slave Communication Function (Multiprocessor Mode) 

USART communication with multiple CPUs connected in master-slave mode is available for both master or slave systems. 
20.7.6.1 | Master-slave communication function 

The settings shown in Figure 20-28 are required to operate USART in multiprocessor mode (operation mode 1). 


Figure 20-28. Settings for USART operation mode 1 


biti bit1 biti biti bit11 biti bit9 bit8 bit7 bité bits bit4 bits bit2 biti bitd 
SCRn, SMRn PEN 


P. SBL CL AD | CRE | RXE | TXE | MD1 | MDO | OTO | EXT | REST | UPCL | SCKE | SOE 


Modei1_xw +x ©@©O@O o@OOo1 00 0016 


Set conversion data (during writing) 


Retain conversion data (during reading) 


ESCRn, ECCRn LBIE | LBD 


LBL1 | LBLO |SOPE 


SIOP | CCO sees] /| LBR | MS | EXT | SSM RBI TBI 


Mode 1p» x ~= x x x © © 0 0 Xx xX xX xX © © 


© : Bit used 

x : Bit not used 

0 :SetO 

1 : Set n= 0...9 according to device ( Please refer to 
+ : Bit automatically set to correct value the datasheet of the corresponding device) 


Inter-CPU connection 


As shown in Figure 20-29, a communication system consists of one master CPU and multiple slave CPUs connected to two 
communication lines. USART can be used for the master or slave CPU. 


Figure 20-29. Connection example of USART master-slave communication 


Master CPU 
SOT SIN 


SOT SIN 


Slave CPU #0 Slave CPU #1 
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Function selection 


Select the operation mode and data transfer mode for master-slave communication as shown in Table 20-16. 


Table 20-16. Selection of the master-slave communication function 


Operation mode ... | Synchronization : Bit 
Data Parity | °Y end Stop bit | direction 
Master CPU | Slave CPU 


od transmis- aa "1" +7-or 

sion and od Mode ] Mode 1 : aa bit address lor2 LSB or 
(transmit/receive | (transmit/receive noes None Asynchronous 2 

Data transmission | AD-bit) AD-bit) AD="0" + 7- or bits MSB first 

and reception 8-bit data 


Communication procedure 


When the master CPU transmits address data, communication starts. The A/D bit in the address data is set to 1, and the 
communication destination slave CPU is selected. Each slave CPU checks the address data using a program. When the 
address data indicates the address assigned to a slave CPU, the slave CPU communicates with the master CPU. 


Figure 20-30 shows a flowchart of master-slave communication (multiprocessor mode). 
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Figure 20-30. Master-slave communication flowchart 
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(Master CPU) 


Set operation mode 1 


Set SIN pin as the 
serial data input pin. 
Set SOT pin as the 
serial data output pin. 


! 


| Set 7 or 8 data bits | 


Set 1 or 2 stop bits’ 


! 


| Set “1” in AD bit | 


Set TXE = RXE = 1. 


! 


Send Slave Address 


Set “0” in AD bit. 


Communicate with 
slave CPU 


Is 
communication 
complete? 


Communicate 
with another 
slave CPU? 


Set TXE = RXE = 0. 


(Slave CPU) 


( Start ) 


a 


Set operation mode 1 


Y 
Set SIN pin as the 
serial data input pin. 
Set SOT pin as the 
serial data output pin. 


! 


Set 7 or 8 data bits. 
Set 1 or 2 stop bits. 


—— 
Set TXE = RXE = 1. 


Py 


Receive Byte 


Is 
AD bit = 1 ? 


Does 
Slave Address 
match? 


Communicate with 
master CPU 


Is 
communication 
complete? 
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LIN Communication Function 


USART 


USART communication with LIN devices is available for both LIN master or LIN slave systems. 


20.7.7.1 


The settings shown in the figure below are required to operate USART in LIN communication mode (operation mode 3). 


Figure 20-31. Settings for USART in operation mode 3 (LIN) 


LIN-master-slave communication function 


bitt biti biti bit! bitt1 biti bit9 bit8 bit7 bité bits bit4 bits bit2 biti bitd 
SCRn, SMRn PEN| P | ss_ | cL | aD | CRE | RxE | TXE | Mp1 | MDo | OTO | EXT | REST} UPCL|SCKE |] SOE 
Mode3— m+ x + + x 0 ©@©O 1 1 00 001 6 
SSRn, TDRn/RDRn | pe | ore | Fre |RORF|TORE| Bos | RIE | TIE Set conversion data (during writing) 
Retain conversion data (during reading) 
+ 


OOOO +* 0°90 


Mode 3—m xX 


ESCRn, ECCRn LBIE | LBD | LBL1 | LBLo |SoPE| slop | cco |ScES 


Mode3-§GQ OO OOO» 


0 


the datasheet of the corresponding device) 


©): Bit used 

x : Bit not used 

0 :SetO 

1 : Set n = 0...9 according to device ( Please refer to 
+ : Bit automatically set to correct value 


LIN device connection 


As shown in the figure below, a communication system of one LIN-Master device and a LIN-Slave device. USART can oper- 


ate both as LIN-Master or LIN-Slave. 


Figure 20-32. Connection example of a small LIN-Bus system 


Sor > LIN bus <I 
SIN <i > 


SOT 
SIN 
LIN-Master Single-Wire- Single-Wire- LIN-Slave 
Transceiver Transceiver 
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20.7.8 


This section contains sample flowcharts for USART in LIN communication. 


20.7.8.1 


USART as master device 


Figure 20-33. USART LIN master flow chart 
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Sample Flowcharts for USART in LIN communication (Operation Mode 3) 


START 


Initial setting : 
Set operation mode 3 
Serial data output enabled 
Baudrate setting 
Synch break length setting 
TXE=1, TIE=0 
RXE=0, RIE=1 


Send Message? 


Wake up? 


(0x80 reception) 


Yes (reception) 


Data field reception? 


Reception interrupt 


Data 1 reception 


RXE=0 

Synch break interrupt enabled 
Synch break transmission : 
ECCR : LBR=1 

Synch field transmission : 
TDR=0x55 


RDRF=1 


Reception interrupt 


Data N reception 


LBD=1 


Synch break interrupt 


Reception enabled 
LBD=0 
Synch break interrupt disabled 


RDRF=1 


Reception interrupt 


Synch field reception 
Identify field set : TDR=ID 


RDRF=1 


Reception interrupt 


ID field reception 


430 


—— 


No (transmission) 


Transmission data 1 set : 
TDR=Data 1 
Transmission interrupt 
enabled 


Transmission data N set : 
TDR=Data N 
Transmission interrupt 
disabled 


RDRF=1 
Reception interrupt 


TDRE=1 
Transmission interrupt 


Data 1 reception 
Data 1 reading 


RDRF=1 
Reception interrupt 


Data 1 reception 
Data 1 reading 


Without error 


Error processing 


L Sener 5 
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20.7.8.2 USART as slave device 
Figure 20-34. USART LIN slave flow chart 


USART 


START 


Initial setting : 
Set operation mode 3 
Serial data output enabled 
Baudrate setting 
Synch break length setting 
TXE=1, TIE=0 
RXE=0, RIE=1 
Connection with UART and ICU 


r 


Reception prohibited 
ICU interrupt enabled 
Synch break interrupt enabled 


LBD=1 
Synch break interrupt 


Synch break detection clear 
ECCR : LBD=0 
Synch break interrupt prohibited 


IY ICU interrupt 


ICU data read 
ICU interrupt flag clear 


Ly ICU interrupt 


ICU data read 

Baud rate regulation 
Reception enabled 

ICU interrupt flag clear 
ICU interrupt prohibited 


RDRF = 1 
receive interrupt 


Identify field reception 


Sleep mode? 


Yes 


Wake up reception? 


Wake up 
transmission? 


Data field 
reception? 


Yes (reception) 


Reception interrupt 


Data 1 reception 


RDRF=1 


No (transmission) 


Transmission data 1 set 
TDR=Data 1 
Transmission interrupt 
enabled 


Reception interrupt 


Data N reception 


TDRE=1 


Transmission interrupt 


y 


Reception prohibited 


Transmission data N set 
TDR=Data N 
Transmission interrupt 
prohibited 


RDRF=1 


Reception interrupt 


Data 1 reception 
Data 1 read 


RDRF=1 


Reception interrupt 


Data N reception 
Data N read 
Reception prohibited 


Without error 


Error processing Stl 


Wake up code transmission 
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20.8 Notes on Using USART 


Notes on using USART are given below. 


20.8.1 Notes on using USART 


Enabling operation 


In USART, the control register (GCRn) has TXE (transmission) and RXE (reception) operation enable bits. Both, transmission 
and reception operations, must be enabled before the communication starts because they have been disabled as the default 
value (initial value). The operation can also be canceled by disabling these bits. 


Communication mode setting 


Set the communication mode while the system is not operating. If the mode is changed during transmission or reception, the 
transmission or reception is stopped and possible data will be lost. 


Transmission interrupt enabling timing 


The default (initial value) of the transmission data empty flag bit (SSRn:TDRE) is “1” (no transmission data and transmission 
data write enable state). A transmission interrupt request is generated as soon as the transmission interrupt request is 
enabled (SSRn:TIE=1). Be sure to set the TIE flag to “1” after setting the transmission data to avoid an immediate interrupt. 


Using LIN operation mode 3 


The LIN features are available in mode 3 (transmitting, receiving synch break), but using mode 3 sets the USART data format 
automatically to LIN format (8N1, LSB first). Note, that the length of the synch break for transmission is variable but for recep- 
tion it is fixed 11-bit time. 


Changing operation settings 


It is strongly recommended to reset the USART after changing operation settings. Particularly if (for example) start-/stop-bits 
added to or removed from the data format. 


It is recommended to disable the communication (RXE = "0", TXE = "0"), if the USART setting or mode is changed or the 
USART is initialized. 


Note: 


If settings in the Serial Mode Register (SMRn) are desired, it is not useful to set the UPCL bit at the same time to reset the 
USART. The correct operation settings are not guaranteed in this case. Thus it is recommended to set the bits of the SMRn 
and then to set them again plus the UPCL bit. 


LIN slave settings 


Set the baud rate before receiving the first LIN synch break for the slave operation. Otherwise, duration of the synch break 
can not be correctly checked against the minimum requirement of the LIN specification (13 master bit time and 11 slave bit 
time). 


Bus idle function 


The Bus Idle Function cannot be used in synchronous slave mode mode 2. 


AD bit (serial control register (SCRn): address/data type select bit) 


Special care has to be taken when using the AD bit (Address-Data-Bit for multiprocessor mode 1) of the Serial Control Regis- 
ter. This bit is both a control and a flag bit, because writing to it sets the AD bit for transmission, whereas reading from it 
returns the last received AD bit. Internally, the received and the transmitted value are stored in different registers, but in Read- 
Modify-Write instructions, the received value is read, modified and then written back for transmission. This can lead to a 
wrong value in the AD bit, when one of the other bits in the same register is accessed by an instruction of this kind. 
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Clearing reception errors 


Clearing reception errors resets the reception state machine. Therefore check any reception errors before the next start-bit or 
start condition is met, to not disturb any ongoing reception. 


LIN Synch field wait state 


In mode 3 (LIN operation), the LBD bit in the ESCRn register is set to "1" if the input signal is kept at "0" for more than equal 
to 11-bit time. Then the USART waits for the following synch field to be received. If the USART is set into this state for other 
reasons than the synch break, it should be initialized by the software reset (SMRnSCRn:UPCL=1). 


In mode 3, LIN-Break detection is always working in the background and is level sensitive. Be careful in case of a bus error 
(bus always dominant). The LIN-Break detection flag (LBD) will go "1" or stay "1" after each 11 bit times independent from 
enabled or disabled LIN break detection interrupt. If you use LIN-Break detection interrupt, be sure to check and clear always 
this flag in your receive interrupt handler. 


Baud Rate detection using the Input Capture Units (ICU) 


The USARTs provide the signal LSYN that can be connected to the ICU so that LSYN’s pulse length can be measured to 
derive the baud rate. The connection of the LSYN signals to the ICUs is controlled by the Input capture edge register 
ICE(2n)(2n+1). For assignment of ICUs and USARTs please check chapter Inout Capture Unit Source Select for LIN-USART 
on page 27. 


Figure 20-35. Baud Rate Detection Using the Input Capture Units 


Pin IN4 0 icu4 
IN CU 


LIN-USART4 ICE45:ICUS4 
LSYN 


=e 


> 


Free-Run Timer 1 
KZ 
Pin IN5|| | 0 ICUS 


IN 


=e 


LIN-USART5 ICE45:ICUS5 
LSYN 


If the ICUSx bit in the ICE(2n)(2n+1) register is cleared and the peripheral resource input is enabled, the ICU is connected to 
its corresponding input pin IN. If the ICUSx bit is set to ’1’ the corresponding LIN-USART is connected to the ICU. 


The user has to take into account that: Different ICUs share one free running timer (prescaler). 
Effects of reception errors and CRE bit. 


CRE resets reception state machine and next falling edge at SINn starts reception of new byte. Therefore either set CRE bit 
immediately (within half bit time) after receiving errors to prevent data stream desynchronization or wait an application depen- 
dent time after receiving errors and set CRE, when SINn is idle. 
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Figure 20-36. Timing of the CRE bit 


CRE bit timing within 1/2 Bit Time of Stop Bit CRE bit timing out of 1/2 Bit Time of Stop Bit 
. 1 . . 
Last Data Bit | Stop Bit Start Bit | Last Data Bit 1 Stop Bit Start Bit _ 
I 


SIN 1/2 Bit Time 


i} 
i} 
Error | ' | 
Flags 
i} 1 
i} i} 
i} 1 
CRE | | CRE | | 
I 


I 
Falling edge detected: Receive new Frame v 
Reception State Machine is reset Y ¥ 


SIN 


Falling edge detected: Receive new Frame Reception State Machine is reset, Start Bit Condition 
is reset, actal Reception is desznchronized 


Figure 20-37. Data Stream Synchronization 


Example for Desynchronization 


CRE 


Nat falling Bage is 
treated as Start Bit 


Note: 


In case a framing error occurred (stop bit: SINn = "0") and the next start bit (SINn = "0") follows immediately, this start bit is 
recognized regardless of no falling edge before. This is used to keep the USART synchronized to the data stream and to 
determine bus always dominant errors (See Figure 20-38 upper figure) by producing next framing errors, if a recessive stop 
bit is expected. If this behaviour is not wanted, please disable the reception temporarily (RXE = 1 -> 0 -> 1) after framing error. 
In this case, reception goes on at next falling edge on SINn. (See Figure 20-38 lower figure). 
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Figure 20-38. USART Dominant Bus Behaviour 


USART Dominant Bus Behaviour 
Reception always enabled (RXE 


Falling Edge is 
next Start Bit 


Next Framing 
Etror occurs 


bo 
bo 
a3 
bo 
so 
oS 
wm Ge 
23 
om 
ss 
hg 
od 
5% 


Etror is 
cleared 


Framing Error 
occurs 


Reception disabled temporary (RXE 


Waiting for falling Falling Edge is 
Edge next Start Bit 


cleared 


Framing Error 


Edge 


No further 


Reception is ongoing 


Errors 


regardless of no falling 
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This section describes the functions and operation of the fast I2C interface. 
21.1 12C Interface Overview 


21.2 |2C Interface Registers 
21.3 12C Interface Operation 
21.4 Programming Flow Charts 


21.1 1°C Interface Overview 


The I°C interface is a serial I/O port supporting the Inter IC bus, operating as a master/slave device on the [°C bus. 


Features 

m Master/slave transmitting and receiving functions 

m Arbitration function 

m Clock synchronization function 

m General call addressing support 

m Transfer direction detection function 

m Repeated start condition generation and detection function 

m Bus error detection function 

m 7 bit addressing as master and slave 

m 10 bit addressing as master and slave 

= Possibility to give the interface a seven and a ten bit slave address 

m Acknowledging upon slave address reception can be disabled (Master-only operation) 
m Address masking to give interface several slave addresses (in 7 and 10 bit mode) 

m Up to 400 KBit transfer rate 

= Possibility to use built-in noise filters for SDA and SCL 

m Can receive data at 400 KBit if peripheral clock CLKP1 is higher than 6 MHz regardless of prescaler setting 
m Can generate MCU interrupts on transmission and bus error events 

m Supports being slowed down by a slave on bit and byte level 


The I°C interface does not support SCL clock stretching on bit level since it can receive the full 400 kBit data rate if the periph- 
eral clock CLKP1 is higher than 6 MHz regardless of the prescaler setting. However, clock stretching on byte level is per- 
formed since SCL is pulled low during an interrupt (INT="1" in IBCR register). 
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Figure 21-1. Block diagram 
ICCR 
12C enable 
ICCR Clock Divider 1 
CS4 23 4 5 ... 32 
oss psbay a 
5 5 
CSs2 Ls] Clock Selector Sync 
CSs1 
CSO Clock Divider 2 (by 12) ; 
SCL Duty Cycle Generator ss Shift Clock Generator 
IBSR 
BB K Bus busy le 
RSC K Repeated start Bus Observer 
Zz Bus Error 
CL ADT K< Address Data 
= ———cx 
AL Arbitration Loss Detector ae iSGR 
NSF 
IBCR enable 
a BER £ 
3 ya BEIE MCU Noise K—SCL 
& | Interrupt Request [> Filter }k—SDA 
o ra INTE IRQ 
£ INT SCL 
o 
= SDA 
Start i 
Master Start-Stop Condition 
Generator 
ACK enable 
ACK Generator 
GC-ACK enable 
8 
IDAR <——> 
IBSR 8 
AAS Slave 
| GCA General call 
ISMK 
ae enable 7 bit mode Slave Address 
Comparator 
ITMK ; 
ENTB enable 10 bit mode 
Le RAL le received ad. length 
10 7 
—— dro te t_ 
ITBA ITMK ISBA ISMK 
10 
io 
am 
7 
7 
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21.2  1?C Interface Registers 


This section describes the function of the I°C interface registers in detail. 


I2C Interface registers 


Figure 21-2. I?C Interface registers 


400 kHz |2C Interface 


Bus Control Register aaa 


14 11 
Ege Co 
R/W R/W W R/W R/W R/W R/WsOR/W 


Bus Status Register (IBSRn) 
6 5 4 3 2 1 0 
BGO mooG 
Ten Bit slave Address register (ITBAn) 


14 11 
PEEL LTP 


: - R/W R/W 
6 5 4 3 2 1 


ERS Bs i 


R/W RW RW R/W R/W RW RW R/W 
Ten bit slave address MasK — a 


14 11 
pas] LL ie 


RW R - - - R/W R/W 
6 5 4 3 2 1 
aed ro 
R/W R/W R/W R/W R/W R/W R/W R/W 


Seven Bit slave Address register (ISBAn) 


BECO ENEX ee Gta 


RW: Readable and writeable ~ RAW RW RW RW RW RW R/W 
R 


Read-only, write has no effect 
Undefined 


IBCRn 


Initial value 
00000000, 


IBSRn 


Initial value 
00000000, 


ITBAHn 


Initial value 
00000000, 


ITBALn 
Initial value 
00000000, 


ITMKHn 


Initial value 
00111111. 


ITMKLn 
Initial value 
17117171711, 


ISBAn 


Initial value 
00000000, 
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Seven bit slave address MasK register (ISMKn) 
15 14 1 11 8 


3 12 0 9 
GS ne 


R/W R/W R/W R/W R/W R/W R/W R/W 


Data Register (IDARn) 
7 6 5 4 3 2 1 40 
7 


or [ooo] 05] oe] To 


R/W R/W R/W R/W R/W R/W R/W R/W 


Clock control register (ICCRn) 
14 13 11 


15 12 0 9 8 
Bgiaaels) 


- R/W RW RW RIW RW RW R/ 


ISMKn 


Initial value 
01111111, 


IDARn 


Initial value 
00000000, 


ICCRn 


Initial value 
00011111, 


R/W Readable and writable 
Undefined 
21.2.1. Bus Status Register (IBSRn) 


The bus status register (IBSRn) has the following functions: 


Bus busy detection 

Repeated start condition detection 
Arbitration loss detection 
Acknowledge detection 

Data transfer direction indication 
Addressing detection as slave 
General call address detection 
Address/data detection 


Bus status register (IBSRn) 


This register is read-only, all bits are controlled by the hardware. All bits are cleared if the interface is not enabled (EN = "0" in 


ICCRn). 
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Figure 21-3. Configuration of the bus status register (IBSRn) 


IBSRn 
BSooe oo inital value 
00000000, 
A R R bit 0 


i ; : bee Address data transfer bit 
; ; : ' 0 Incoming data is not address (or bus not in use) 
; \ 1 Incoming data is address 
: ad 1 
! ' : ; Lise e ids | GeneralCallAddressbit Call Address bit 
i Sonera Cal Access ot —_ call address not received as slave 
i General call address received as slave 
bit 2 


: ae ane ee Addressed as slave bit 
: ; 0 not addressed as slave 
\ : 1 Addressed as slave 


eee 3 


; . | Transferringdatabit data bit 
: Not transmitting data 
; Transmitting data 
bit 4 
. Last received bit 
0 Receiver did acknowledge 
1 Receiver did not acknowledge 
f =a 5 
. | Arbitration lossbit loss bit 
Ser antes eh arbitration loss detected 
Arbitration loss detected 
bit 6 


: Repeated start condition bit 
0 Repeated start condition not detected 
1 Bus in use, repeated start condition detected 


bit 7 


Bus busy bit 
R : Read only 0 Stop condition detected (bus idle) 
| | : Initial value 1 Start condition detected (bus in use) 


Bus status register (IBSRn) contents 


Table 21-1. Function of each bit of the bus status register (IBSRn) (Sheet 1 of 2) 


Bit name motion 


This bit indicates the status of the I?C bus. 

BB: "0": Stop condition detected (bus idle) 

Bus busy bit "1": Start condition detected (bus in use) 

This bit is set to "1" if a start condition is detected. It is reset upon a stop condition. 


This bit indicates detection of a repeated start condition. 


eee "0": Repeated start condition not detected. 
Repeated start condition 


bit "1": Repeated start condition detected (bus in use). 
This bit is cleared at the end of an address data transfer (ADT="0") or detection of a stop condition. 
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Table 21-1. Function of each bit of the bus status register (IBSRn) (Sheet 2 of 2) 


pS itmame motion 


This bit indicates an arbitration loss. 

"0": No arbitration loss detected. 

"1": Arbitration loss occurred during master sending. 

This bit is cleared by writing "0" to the INT bit or by writing "1" to the MSS bit in the IBCR register. 
An arbitration loss occurs if: 

- the data sent does not match the data read on the SDA line at the rising SCL edge 

- a repeated start condition is generated by another master in the first bit of a data byte 


- The interface could not generate a start or stop condition because signal transition caused from "1" to "0" by a certain 
external condition observed at the SCL line. 


AL: 
Arbitration loss bit 


This bit is used to indicate the acknowledge from the receiving device. 
LRB: "0": Receiver acknowledged. 
Last received bit "1": Receiver did not acknowledge. 
It is changed by the hardware upon reception of bit 9 (acknowledge bit) and is also cleared by a start or stop condition. 


This bit indicates data transmission operation. 
"0": Not transmitting data. 
"1": Transmitting data. 
It is set to "1": 
- if a start condition was generated in master mode 
- if addressed as slave in read access. 
TRX: It is set to "O" if: 
Transferring data bit - the bus is idle (BB="0") 
- an arbitration loss occurred 
- "1" is written to the SCC bit during master interrupt (MSS="1" and INT="1") 
- the MSS bit being cleared during master interrupt (MSS="1" and INT="1") 
- the interface is in slave mode and the last transferred byte was not acknowledged 
- the interface is in slave mode and it is receiving data 
- the interface is in master mode and is reading data from a slave 


This bit indicates detection of a slave addressing. 
"0": Not addressed as slave. 
"1": Addressed as slave. 


This bit is cleared by a (repeated-) start or stop condition. It is set if the interface detects its seven and/or ten bit slave 
address. 


AAS: 
Addressed as slave bit 


This bit indicates detection of a general call address (0x00). 
GCA: "0": General call address not received as slave. 
General call address bit | "1": General call address received as slave. 
This bit is cleared by a (repeated-) start or stop condition. 
This bit indicates the detection of an address data transfer. 
"0": Incoming data is not address data (or bus is not in use). 
"{": Incoming data is address data. 


This bit is set to "1" by a start condition. It is cleared after the second byte if a ten bit slave address header with write 
ADT: access is detected, else it is cleared after the first byte. 


Address data transfer bit | This bit is also cleared when: 
-"0" is written to the MSS bit during a master interrupt (MSS="1" and INT="1" in IBCR) 
-"1" is written to the SCC bit during a master interrupt (MSS="1" and INT="1" in IBCR) 
- the INT bit is being cleared 
- the beginning of every byte transfer if the interface is not involved in the current transfer as master or slave 
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21.2.2 Bus Control Register (IBCRn) 


The Bus Control Register (IBCRn) has the following functions: 


Interrupt enabling flags 

Interrupt generation flag 

Bus error detection flag 

Repeated start condition generation 

Master / slave mode selection 

General call acknowledge generation enabling 


Data byte acknowledge generation enabling 


21.2.2.1 Bus control register (IBCRn) 


400 kHz |2C Interface 


Write access to this register should only occur while the INT="1" or if a transfer is to be started. The user should not write to 
this register during an ongoing transfer since changes to the ACK or GCAA bits could result in bus errors. All bits in this regis- 


ter except the BER and the BEIE bit are cleared if the interface is not enabled (EN="0" in ICCR). 
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Figure 21-4. Configuration of the bus control register (IBCRn) 


BCRn 


14 11 
Sooo ooks nal value 
RWRW W RWRWRWRW RW 000008 
Pee ee a jf} 


see table on next page for details 


; ,; : : Paeted INTE Interrupt enable bit 


' : i 0 Interrupt disabled 
; ; : 1 Interrupt enabled 


bit 10 


: ; ; | GCAA | | Generall call address acknowledge bit | call address | Generall call address acknowledge bit | bit 
: ' : No acknowledge on general call address 
; : Acknowledge on general call address 

‘ | Acknowledge bit = | Acknowledge bit = 


' ; No Acknowledge on data byte reception 
; ' ‘ Acknowledge on data byte reception 


bit 12 
ae 8 
7: TO Gowsavemods Cd 
= 


: a 13 
, | Start condition continue bit condition continue bit 


: rat conte Bt No effect: 
i Write: Generate repeated start condition 


bit 14 


poe tgpet eine Saeed 
Bb glean as sea pacar - Bus error imegesees disabled 

: — 

Ww : Write only bit ' 

Rw: Readable and writable Pe 

nal value 


Clear bus error int. No error detected 
No effect Error detected 
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400 kHz |2C Interface 


21.2.2.2 Bus control register (IBCRn) contents 


eee 21-2. Function of each bit of the bus control register (IBCRn) (Sheet 1 of 2) 


| siBitname name 


BER: 
bit 15 
Bus error bit 


BEIE: 
bit 14 Bus error interrupt enable 
bit 


SCC 
bit 13 Start condition continue 
bit 


MSS: 
bit 12 
Master slave select bit 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 445 


This bit is the bus error interrupt flag. It is set by the hardware and cleared by the user. 

It always reads "1" in a Read-Modify-Write access. 

Write access: 

"0": Clear bus error interrupt flag 

"1": No effect 

Read access: 

"0": No bus error detected 

"{": One of the error conditions described below detected 

When this bit is set, the EN bit in the ICCR register is cleared, the °C interface goes to pause status, data transfer is 


interrupted and all bits in the IBSR and the IBCR registers except BER and BEIE are cleared. The BER bit must be 
cleared before the interface may be reenabled. 


This bit is set to "1" if: 


- start or stop conditions are detected at wrong places: during an address data transfer or during the transfer of the 
bits two to nine (acknowledge bit) 


- aten bit address header with read access is received before a ten bit write access 


This bit enables the bus error interrupt. It only can be changed by the user. 

"0": Bus error interrupt disabled 

"1": Bus error interrupt enabled 

Setting this bit to "1" enables MCU interrupt generation when the BER bit is set to "1". 


This bit is used to generate a repeated start condition. It is write only - it always reads "0". 

Write access: 

"0": No effect 

"{": Generate repeated start condition during master transfer 

A repeated start condition is generated if a'"1" is written to this bit while an interrupt in master mode (MSS="1" and 
INT="1") and the INT bit is cleared automatically. 

This is the master/slave mode selection bit. It can only be set by the user, but it can be cleared by the user and the 
hardware. 

"0": Go to slave mode 

"1": Go to master mode, generate start condition and send address data byte in IDAR 

register. It is cleared if an arbitration loss event occurs during master sending. 


If a"O" is written to it during a master interrupt (MSS="1" and INT="1"), the INT bit is cleared automatically, a stop 
condition will be generated and the data transfer ends. Note that the MSS bit is reset immediately, the generation of 
the stop condition can be checked by polling the BB bit in the IBSR register. 


Ifa "1" is written to it while the bus is idle (MSS="0" and BB="0"), a start condition is generated and the contents of 
the IDAR register (which should be address data) is sent. 


Ifa"1" is written to the MSS bit while the bus is in use (BB="1" and TRX="0" in IBSR; MSS="0" in IBCR), the inter- 
face waits until the bus is free and then starts sending. 


If the interface is addressed as slave with write access (data reception) in the meantime, it will start sending after the 
transfer ended and the bus is free again. If the interface is sending data as slave in the meantime (AAS="1" and 
TRX="1" in IBSR), it will not start sending data if the bus is free again. It is important to check whether the interface 
was addressed as slave (AAS="1" in IBSR), sent the data byte successfully (MSS="1" in IBCR) or failed to send the 
data byte (AL="1" in IBSR) at the next interrupt! 
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Table 21-2. Function of each bit of the bus control register (IBCRn) (Sheet 2 of 2) 


Bit name 


. ACK: 
bit 11 : 
Acknowledge bit 


GCAA: 
bit 10 General call address 
acknowledge bit 
: INTE: 
bit 9 : 
Interrupt enable bit 


. INT: 
bit 8 , 
Interrupt flag bit 


21.22.38 


This bit enables the acknowledge generation on data byte reception. It only can be changed by the user. 
"0": The interface will not acknowledge on data byte reception 
"1": The interface will acknowledge on data byte reception 


This bit is not valid when receiving address bytes in slave mode - if the interface detects its 7 or 10 bit slave address, 
it will acknowledge if the corresponding enable bit (ENTB in ITMK or ENSB in ISMk) is set. 


Write access to this bit should occur during an interrupt (INT="1") or if the bus is idle (BB="0" in the IBSR register) 
only. 
This bit enables acknowledge generation when a general call address is received. It only can be changed by the 
user. 
"0": The interface will not acknowledge on general call address byte reception. 
"1": The interface will acknowledge on general call address byte reception. 
Write access to this bit should occur during an interrupt (INT="1") or if the bus is idle (BB="0" in IBSR register) or the 
interface is disabled (EN="0" in ICCR register) only. 
This bit enables the MCU interrupt generation. It only can be changed by the user. 
"0": Interrupt disabled 
"1": Interrupt enabled 
Setting this bit to "1" enables MCU interrupt generation when the INT bit is set to "1" (by the hardware). 
This bit is the transfer end interrupt request flag. It is changed by the hardware and can be cleared by the user. It 
always reads "1" in a Read-Modify-Write access. 
Write access: 
"0": Clear transfer end interrupt request flag 
"1": No effect 
Read access: 
"0": Transfer not ended or not involved in current transfer or bus is idle 
"{": Set at the end of a 1-byte data transfer or reception including the acknowledge bit under the following conditions: 
Device is bus master. 
Device is addressed as slave. 
General call address received. 
Arbitration loss occurred. 


Set at the end of an address data reception (after first byte if seven bit address received, after second byte if 
ten bit address received) including the acknowledge bit if the device is addressed as slave. 


While this bit is "1" the SCL line will hold an "L" level signal. Writing "0" to this bit clears the setting, releases the SCL 


line, and executes transfer of the next byte or a repeated start or stop condition is generated. Additionally, this bit is 
cleared if a"1" is written to the SCC bit or the MSS bit is being cleared. 


SCC, MSS and INT bit competition 


Simultaneously writing to the SCC, MSS and INT bits causes a competition to transfer the next byte, to generate a repeated 
start condition or to generate a stop condition. In these cases the order of priority is as follows: 


m Next byte transfer and stop condition generation. When "0" is written to the INT bit and "0" is written to the MSS bit, the 
MSS bit takes priority and a stop condition is generated. 


m Repeated start condition generation and stop condition generation. When a “1” is written to the SCC bit and “O” to the 
MSS bit, the MSS bit clearing takes priority. A stop condition is generated and the interface enters slave mode. If specific 
conditions are met, the AL (arbitration lost) bit does not set the INT (interrupt) bit. Those conditions are presented in 


Figure 21-5 and Figure 21-6. 


Case 1: When SCL and SDA signals are kept at "L"; 


The AL bit is set immediately after the MSS bit set to "1" while the BB bit is indicating "0" (no start condition is detected). How- 
ever the AL bit will not set the INT bit under this circumstances. 
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Figure 21-5. Diagram of timing at which an interrupt upon detection of "AL bit = 1" does not occur 


400 kHz |2C Interface 


Bus busy (BB bit) 


Interruption (INT bit) 


SCL pin or SDA pin is Low level. 


l2C operation enable state (EN bit =1) 


Master mode setting (MSS bit = 1) | | 
Arbitration lost detection (AL bit = 1) | 


Case 2: When [°C interface is enabled while there is ongoing communication with another bus master; 


The interface participates in the I?C bus while the bus is occupied with ongoing communication if the EN bit is set from "0" to 
"{". In this case the BB bit stays "0" (no start condition is detected) and setting the MSS bit to "1" results in the AL bit indicat- 


ing "1". However the AL bit will not set the INT bit under this circumstances. 
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Figure 21-6. Diagram of timing at which an interrupt upon detection of "AL bit = 1" does not occur 


INT bit interruption is not generated Stop Condition 


Start Condition in Sth clock. \ 


SDA pin 
i SLAVE ADDRESS \Ac DAT (ACK) 


CN a es ee ge ee Ne we a eet a a fae ee nn ee | 


EN bit 


MSS bit 


AL bit 


If a symptom as described above can occur, follow the procedure below for software processing. 

1. Execute the instruction that generates a start condition (set the MSS bit to 1). 

2. Use, for example, the timer function to wait for the time for three - bit data transmission at the I?C transfer frequency set in 
the ICCR register.” 
Example: Time for three-bit data transmission at an °C transfer frequency of 100 kHz = (1 / (100 x 103)) x3 = 30 

3. Check the AL and BB bits in the IBSR register and, if the AL and BB bits are 1 and 0, respectively, set the EN bit in the 
ICCR register to 0 to initialize °C. When the AL and BB bits are not so, perform normal processing. 


A sample flow is given below. 


Master mode setting 
Setting “1” to MSS bit in bus control register (IBCR) 


Wait for the time for three-bit data transmission at the l2C 
transfer frequency set in the clock control register (ICCR).* 


BB bit =0 and AL bit = 1 
YES 


Setting EN bit to “0” and initializing of °C To normal process 


*:Arbitration lost is detected within 3-bit time after setting the MSS bit to "1". 
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Example of occurrence of an interrupt (INT bit = 1) upon detection of "AL bit = 1" 


400 kHz |2C Interface 


When an instruction which generates a start condition is executed (setting the MSS bit to 1) with "bus busy" detected (BB bit 
= 1) and arbitration is lost, the INT bit interrupt occurs upon detection of "AL bit = 1". 


Figure 21-7. Diagram of timing at which an interrupt upon detection of "AL bit = 1" occurs 


21.2.3 


Start Condition Interrupt at 9th clock. 


BB bit | = 


1 ! INT bit clear on soft 


' and open SCL 
INT bit ' | | 


: “— AL bit clear on soft 
AL bit ee: SS (uk 


Ten Bit Slave Address Register (ITBAn) 


The Ten Bit Slave Address Register (ITBAn) designates the ten bit slave address. 


Ten Bit Slave Address Register (ITBAn) 


Write access to this register is only possible if the interface is disabled (EN="0" in ICCR). 


Figure 21-8. Configuration of the Ten Bit Slave Address Register (IBTAn) 


R/W 


15 14 13 12 11 10 9 8 mean 
PL ff | | frasirae} initia va 
_e 2 ee 00000000, 


R/W R/W 


7 6 5 4 3 2 1 «0 
ITBALn 
raa|raclras|radlrasfraglratTA0] tial vate 
00000000, 
R/W R/W RW RW RIW RW RW RW 


Readable and writable 
Undefined 
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Ten Bit Slave Address Register (ITBAn) contents 


Table 21-3. Function of each bit of the ten bit slave address register (ITBAn) 


pS Bitmame ction 
bits 15 to 10 Undefined These bits always return "0". 


When address data is received in slave mode, it is compared to the ITBA register if the ten bit address is enabled 
(ENTB="1" in the ITMK register). An acknowledge is sent to the master after reception of a ten bit address 
header with write access®*. Then, the second incoming byte is compared to the TBAL register. If a match is 


TAQ to TAO: detected, an acknowledge signal is sent to the master device and the AAS bit is set. 
bits 9 to 0 


Ten bit slave address Additionally, the interface acknowledges upon the reception of a ten bit header with read access? after a 
repeated start condition. 


All bits of the slave address may be masked using the ITMK register. The received ten bit slave address is written 
back to the ITBA register, it is only valid while the AAS bit in the IBSR register is “1”. 


a. Aten bit header (write access) consists of the following bit sequence: 11110, TAY, TA8, 0. 
b. Aten bit header (read access) consists of the following bit sequence: 11110, TA9, TA8, 1. 


21.2.4 Ten Bit Slave Address Mask Register (ITMKn) 


The Ten Bit Slave Address Mask Register (ITMKn) contains the ten bit slave address mask and the ten bit slave address 
enable bit. 


Ten bit address mask register (ITMKn) 
Figure 21-9. Configuration of the ten bit address mask register (ITMKn) 


14 2 11 10 


nei 9 8 ITMKHn 
evelRal| - | - | - | - [Tv9ft™8} init value 
R/W R 3 - 2 - RW RW 00111111, 


7 6 5 4 3 2 1 0 
ITMKLn 
aM Initial value 
11111111, 
R/W R/W R/W R/W R/W R/W R/W R/W 


RW: Readable and writeable 
R : Read-only, write has no effect 
- : Undefined 
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Ten bit address mask register (ITMKn) contents 


Table 21-4. Function of each bit of the ten bit address mask register (ITMKn) 


pS Bitmame ction 


. This bit enables the ten bit slave address (and the acknowledging upon its reception). Write access to this bit is only 
ENTB: possible if the interface is disabled (EN="0" in ICCR). 


Enable ten bit slave "0": Ten bit address disabled 
address bit . 
"1": Ten bit address enabled 
This bit indicates whether the interface was addressed as a seven or ten bit slave. It is read-only. 
"0": Addressed as seven bit slave 
"1": Addressed as ten bit slave 


RAL: 
Received slave address 


length bit This bit can be used to determine whether the interface was addressed as a seven or ten bit slave if both slave 
addresses are enabled (ENTB="1" and ENSB="1"). Its contents is only valid if the AAS bit in the IBSR register is "1". 
This bit is also reset if the interface is disabled (EN="0" in ICCR). 


bit 13 to 10 Undefined These bits always return "1" during reading. 


This register is used to mask the ten bit slave address of the interface. Write access to these bits is only possible if 
the interface is disabled (EN="0" in ICCR). 


"0": Bit is not used in slave address comparison 
"1": Bit is used in slave address comparison 


This can be used to make the interface acknowledge on multiple ten bit slave addresses. Only the bits set to "1" in 
this register are used in the ten bit slave address comparison. The received slave address is written back to the 
ITBA register and thus may be determined by reading the ITBA register if the AAS bit in the IBSR register is “1”. 


Note: 


If the address mask is changed after the interface has been enabled, the slave address should also be set 
again since it could have been overwritten by a previously received slave address. 


TM9 to TMO: 


bit 9 to 0 Ten bit slave address 
mask bits 


21.2.5 Seven Bit Slave Address Register (ISBAn) 


The Seven Bit Slave Address Register (ISBAn) contains the seven bit slave address. 


Seven Bit Slave Address Register (ISBAn) 
Write access to this register is only possible if the interface is disabled (EN="0" in ICCR). 


Figure 21-10. Configuration of the Seven Bit Slave Address Register (ISBAn) 


7 6 5 4 3 2 1 0 
ISBAn 
REESE] nave 
00000000, 
-  R/W RW RW RW R/W R/W R/W 
R/W : Readable and writable 
- : Undefined 


Seven Bit Slave Address Register (ISBAn) contents 


Table 21-5. Function of each bit of the Seven Bit Slave Address Register (ISBAn) 


pita ction 
Undefined This bit always returns "0" during reading. 


bits back to the ISBA register, it is only valid while the AAS bit in the IBSR register is “1”. 


The interface does not compare the contents of this register to the incoming data if a ten bit header or a general call 


When address data is received in slave mode, it is compared to the ISBA register if the seven bit address is enabled 

(ENSB="1" in the ISMK register). If a match is detected, an acknowledge signal is sent to the master device and the 

SA6 to SAO: AAS bit is set. 

bit 6 to 0 Seven bit slave address _| All bits of the slave address may be masked using the ISMK register. The received seven bit slave address is written 
is received. 
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21.2.6 Seven Bit Slave Address Mask Register (ISMKn) 


The Seven Bit Slave Address Mask Register (ISMKn) contains the seven bit slave address mask and the seven bit slave 
address enable bit. 


Seven Bit Slave Address Mask Register (ISMKn) 


This register contains the seven bit slave address mask and the seven bit mode enable bit. Write access to this register is 
only possible if the interface is disabled (EN="0" in ICCR). 


Figure 21-11. Configuration of the Seven Bit Slave Address Mask register (ISMKn) 


15 14 13 12 11 10 9 8 ae 
seisMesusisndsualsua}sMSMo] inital value 


01111111, 
R/W R/W R/W R/W R/W R/W R/W R/W 
R/W : Readable and writable 


Seven Bit Slave Address Mask Regisiter (ISMKn) contents 


Table 21-6. Function of each bit of the Seven Bit Slave Address Mask Register (ISMKn) 


Bit name mt 


ENSB: This bit enables the seven bit slave address (and the acknowledging upon its reception). 
Enable seven bit slave "0": Seven bit slave address disabled 
address bit "1": Seven bit slave address enabled 


This register is used to mask the seven bit slave address of the interface. 
"0": Bit is not used in slave address comparison. 


"1": Bit is used in slave address comparison. 
SM6 to SMO: 


, This can be used to make the interface acknowledge on multiple seven bit slave addresses. Only the bits set to “1” 
bit 14 to 8 Seven bit slave address _| in this register are used in the seven bit slave address comparison. The received slave address is written back to the 
mask bits ISBA register and may thus may be determined by reading the ISBA register if the AAS bit in the IBSR register is “1”. 


Note: 


If the address mask is changed after the interface has been enabled, the slave address should also be set 
again since it could have been overwritten by a previously received slave address. 


21.2.7. Data Register (IDARn) 


The Data Register for the 400 kHz I?C Interface (IDARn) is used to send and receive data by the CPU. 


Data Register (IDARn) 
Figure 21-12. Configuration of the Data Register (IDARn) 


7-65 4 8 2 tf ¢ 
IDARn 
jos|o4{os] 02] 01] 00] initia vate 
00000000, 
RW RW R/W RIW RW RW RW RW 


R/W : Readable and writable 
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Data Register (IDARn) contents 


Table 21-7. Function of each bit of the Data Register (IDARn) 


pe Bitmame mtn 


The data register is used in serial data transfer, and transfers data MSB-first. This register is double buffered 
D7 to DO: on the write side, so that when the bus is in use (BB="1"), write data can be loaded to the register for serial 


bits 7 to 0 : transfer. The data byte is loaded into the internal transfer register if the INT bit in the IBCR register is being 
Data bits cleared or the bus is idle (BB="0" in IBSR). In a read access, the internal register is read directly, therefore 
received data values in this register are only valid if INT="1" in the IBCR register. 


21.2.8 Clock Control Register (ICCRn) 


The Clock Control Register (ICCRn) has the following functions: 
m Enable test mode 
Enable IO pad noise filters 


rT] 
m Enable I°C interface operation 

= Setting the serial clock frequency 

Clock control register (ICCRn) 

Figure 21-13. Configuration of the Clock Control Register (ICCRn) 


15 14 13 12 11 10 9 8 ICCRn 
PEE PSE SEBS] aaa 
00011111, 
- R/W R/W RW R/W RW RW R/W 
R/W : Readable and writable 
Undefined 
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Clock Control Register (ICCRn) contents 


Table 21-8. Function of each bit of the Clock Control Register (ICCRn) 


pBitmame ction 
bit 15 Undefined This bit always returns "0" during reading. 


This bit enables the noise filters built into the SDA and SCL IO pads. 
NSF: The noise filter will suppress single spikes with a pulse width of 0 ns (minimum) and between 1 and 1.5 cycles of the 
IO pad noise filter enable | peripheral clock CLKP1. The maximum depends on the phase relationship between °C signals (SDA, SCL) and 
bit peripheral clock CLKP1. 

It should be set to “1” if the interface is transmitting or receiving at data rates above 100 KBit. 


This bit enables the IC interface operation. It can only be set by the user but may be cleared by the user and the 
hardware. 


"0": Interface disabled 
"1": Interface enabled 
EN: When this bit is set to “O” all bits in the IBSR register and IBCR register (except the BER and BEIE bits) are cleared 


Enable bit and the module is disabled and the IC lines are left open. It is cleared by the hardware if a bus error occurs 
(BER="1" in IBCR). 


Note: 


The interface immediately stops transmitting or receiving if it is being disabled. This might leave the 2C bus in 
an undesired state. 


These bits select the serial bit rate. They can only be changed if the interface is disabled (EN="0") or the EN bit is 
being cleared in the same write access. 


CS4 | CS3 | CS2 


Bitrate: ® / 28(+1 


0 

0 Bitrate: ® / 40(+1 
bits 12 to 8 
0 


( 
( 
Clock prescaler bits ( 
( 


Bitrate: ® / 52(+1 


0 0 ) 
0 0 ) 
CS4 to CSO: 
0 0 ) 
0 0 ) 


1 Bitrate: ® / 64(+1 


31 1 1 1 1 1 Bitrate: ® / 400(+1) 


(+1) means: Add 1 to divisor, if noise filter is enabled 


Clock prescaler settings 


The calculation formula for CSO to CS4 is determined as follows: 


_ () cd ee 
Bitrate = n*12 416 n>0 9: Peripheral clock CLKP1, Noise filter disabled 
Bitrate = ast as n>0 : Peripheral clock CLKP1, Noise filter enabled 


Table 21-9. Prescaler settings: 
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Table 21-9. Prescaler settings: 


Do not use n=0 prescaler setting, it violates SDA/SCL timings. 


Common peripheral clock CLKP1 frequencies 


Table 21-10shows the most common peripheral clock CLKP1 frequencies with their prescaler settings and the resulting send- 
ing bit rate: 


Table 21-10. Common peripheral clock CLKP1 frequencies 


a a To 
a SC 
a SO 
SS SO 


40/3 = 13.3 a a 


21.3 1?C Interface Operation 


The I?C bus executes communication using two bi-directional bus lines, the serial data line (SDA) and serial clock line (SCL). 
The I°C interface has two open-drain I/O pins (SDA/SCL) corresponding to these lines, enabling wired logic applications. 


Start conditions 


When the bus is free (BB="0" in IBSR, MSS="0" in IBCR), writing “1” to the MSS bit places the I°C interface in master mode 
and generates a start condition. 


If a “1” is written to it while the bus is idle (MSS="0" and BB="0"), a start condition is generated and the contents of the IDAR 
register (which should be address data) is sent. 

Repeated start conditions can be generated by writing “1” to the SCC bit when in bus master mode and interrupt status 
(MSS="1" and INT="1" in IBCR). 


Ifa “1” is written to the MSS bit while the bus is in use (BB="1" and TRX="0" in IBSR; MSS="0"and INT="0"in IBCR), the inter- 
face waits until the bus is free and then starts sending. 


If the interface is addressed as slave with write access (data reception) in the meantime, it will start sending after the transfer 
ended and the bus is free again. If the interface is sending data as slave in the meantime, it will not start sending data if the 
bus is free again. It is important to check whether the interface was addressed as slave (MSS="0" in IBCR and AAS="1" in 
IBSR), sent the data byte successfully (MSS="1" in IBCR) or failed to send the data byte (AL="1" in IBSR) at the next inter- 
rupt. 


Writing "1" to the MSS bit or SCC bit in any other situation has no significance. 


Stop conditions 


Writing “O” to the MSS bit in master mode (MSS="1" and INT="1" in IBCR) generates a stop condition and places the device 
in slave mode. Writing “O” to the MSS bit in any other situation has no significance. 
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After clearing the MSS bit, the interface tries to generate a stop condition which might fail if a certain external condition 
causes signal transition caused from "1" to "0" at the SCL line before the generation of this stop condition. In this case, the AL 
bit is set to "1" and interrupt is signaled at the end of the next byte. 

Slave address detection 


In slave mode, after a start condition is generated the BB is set to “1” and data sent from the master device is received into 
the IDAR register. 


After the reception of eight bits, the contents of the IDAR register is compared to the ISBA register using the bit mask stored 
in ISMK if the ENSB bit in the ISMK register is “1”. If a match results, the AAS bit is set to “1” and an acknowledge signal is 
sent to the master. Then bit 0 of the received data (bit 0 of the IDAR register) is inverted and stored in the TRX bit. 


If the ENTB bit in the ITMK register is "1" and a ten bit address header (11110, TA1, TAO, write access) is detected, the inter- 
face sends an acknowledge signal to the master and stores the inverted last data bit in the TRX register. No interrupt is gen- 
erated. Then, the next transferred byte is compared (using the bit mask stored in ITMK) to the lower byte of the ITBA register. 
If a match is found, an acknowledge signal is sent to the master, the AAS bit is set and an interrupt is generated. 


If the interface was addressed as slave and detects a repeated start condition, the AAS bit is set after reception of the ten bit 
address header (11110, TA1, TAO, read access) and an interrupt is generated. 


Since there are separate registers for the ten and seven bit address and their bit masks, it is possible to make the interface 
acknowledge on both addresses by setting the ENSB (in ISMK) and ENTB (in ITMk) bits. The received slave address length 
(seven or ten bit) may be determined by reading the RAL bit in the ITMK register (this bit is valid if the AAS bit is set only). 


It is also possible to give the interface no slave address by setting both bits to "0" if it is only used as a master. 


All slave address bits may be masked with their corresponding mask register (ITMK or ISMk). 


Slave address masking 


Only the bits set to “1” in the mask registers (ITMK / ISMK) are used for address comparison, all other bits are ignored. The 
received slave address can be read from the ITBA (if ten bit address received, RAL="1") or ISBA (if seven bit address 
received, RAL="0") register if the AAS bit in the IBSR register is “1”. 


If the bit masks are cleared, the interface can be used as a bus monitor since it will always be addressed as slave. Note that 
this is not a real bus monitor because it acknowledges upon any slave address reception, even if there is no other slave lis- 
tening. 

Addressing slaves 


In master mode, after a start condition is generated the BB and TRX bits are set to “1” and the contents of the IDAR register 
is sent in MSB first order. After address data is sent and an acknowledge signal was received from the slave device, bit 0 of 
the sent data (bit 0 of the IDAR register after sending) is inverted and stored in the TRX bit. Acknowledgement by the slave 
may be checked using the LRB bit in the IBSR register. This procedure also applies to a repeated start condition. 


In order to address a ten bit slave for write access, two bytes have to be sent. The first one is the ten bit address header 
which consists of the bit sequence "1 1 1 1 0 A9 A8 0", it is followed by the second byte containing the lower eight bits of the 
ten bit slave address (A7 to AO). 


A ten bit slave is accessed for reading by sending the above byte sequence and generating a repeated start condition (SCC 
bit in IBCR) followed by a ten bit address header with read access (1 1 1 10 A9 A8 1). 


Summary of the address data bytes: 

7 bit slave, write access: Start condition - A6 A5 A4 A3 A2 Al AO 0. 

7 bit slave, read access: Start condition - A6 A5 A4 A3 A2 Ai Ad 1. 

10 bit slave, write access: Start condition - 1 1 1 10A9A80-A7A6A5 A4A3 A2A1 AO. 

10 bit slave, read access: Start condition - 1 1 1 10A9A81-A7A6A5 A4 A3 A2 Ai AO - repeated start- 11110A9A8 1. 
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Arbitration 


During sending in master mode, if another master device is sending data at the same time, arbitration is performed. If a 
device is sending the data value "1" and the data on the SDA line has an "L" level value, the device is considered to have lost 
arbitration, and the AL bit is set to "1." Also, the AL bit is set to "1" if a start condition is detected at the first bit of a data byte 
but the interface did not want to generate one or the generation of a start or stop condition failed by some reason. 


Arbitration loss detection clears both the MSS and TRX bit and immediately places the device in slave mode so it is able to 
acknowledge if its own slave address is being sent. 
Acknowledgement 


Acknowledge bits are sent from the receiver to the transmitter. The ACK bit in the IBCR register can be used to select 
whether to send an acknowledgment when data bytes are received. 


When data is send in slave mode (read access from another master), if no acknowledgement is received from the master, the 
TRX bit is set to "0" and the device goes to receiving mode. This enables the master to generate a stop condition as soon as 
the slave has released the SCL line. 


In master mode, acknowledgement by the slave can be checked by reading the LRB bit in the IBSR register. 
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21.4 Programming Flow Charts 


Each programming flow charts for the 400 kHz I2C interface is shown below. 


Programming flow charts 


Figure 21-14. Example of slave addressing and sending data 


Addressing a 7 bit slave Sending data 


| Address slave for write 
Clear BER bit (if set); | 


Enable Interface EN:=1; 1 


| IDAR := Data Byte; 


IDAR := sl.address<<1+RW; 
MSS := 1; INT :=0 


Bus error 


Restart 


transfer 


Check 
if AAS 


Restart 
transfer 


Check 
if AAS 


Y 
Ready to send data 


Slave did not ACK 
Generate 
repeated start 

or stop condition 


Transfer End 


Generate 


repeated start or 
stop condition 
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Figure 21-15. Example of receiving data 


Start 


Address slave for read 


Clear ACK bit in IBCR if it’s the 
last byte to read from slave; 
INT :=0 


reenable IF 


N ’ Last byte 
ianstemed? 


Transfer End 
Generate 

repeated start or 
stop condition 
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This chapter explains the functions and operations of the CAN controller. 
22.1 Overview 


22.2 Functional Description 

22.3 Register Description 

22.4 CAN Device Related Registers 

22.5 CAN Protocol Related Registers 

22.6 Message Interface Register Sets 

22.7 Message Object in the Message Memory 
22.8 Message Handler Registers 

22.9 CAN Application 


22.1 Overview 


The CAN performs communication according to the CAN protocol version 2.0 part A and B. The bit rate can be programmed 
to values up to 1MBit/s. For the connection to the physical layer additional transceiver hardware is required. 


Features 


The CAN implements the following features: 


m Supports CAN protocol version 2.0 part A and B 

m= Bit rates up to 1 MBit/s 

m 32 (up to 128) Message Objects 

m Each Message Object has its own identifier mask 

m Programmable FIFO mode (concatenation of Message Objects) 

m Maskable interrupt 

m Disabled Automatic Retransmission mode for Time Triggered CAN applications 
m Programmable loop-back mode for self-test operation 

Note: 


In this chapter, the suffix "n" in the register names denotes the CAN controller number. 


Abbreviations 


This chapter uses the following terms and abbreviations: 
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22.2 Functional Description 


This chapter provides an overview of the CAN module’s operating modes and how to use them. 


Software Initialisation 


The software initialization is started by setting the bit INIT in the CAN Control Register CTRLRLn, either by software or by a 
hardware reset, or by going Bus_ Off. 


While INIT is set, all message transfer from and to the CAN bus is stopped, the status of the CAN bus output CAN_TX is 
recessive (HIGH). The counters of the EML are unchanged. Setting INIT does not change any configuration register. 


To initialize the CAN Controller, the CPU has to set up the Bit Timing Register BTRn and each Message Object. If a Message 
Object is not needed, it is sufficient to set it's MSGVAL bit to not valid. Otherwise, the whole Message Object has to be initial- 
ized. 


Access to the Bit Timing Register BTRn and to the BRP Extension Register BRPERn for the configuration of the bit timing is 
enabled when both bits INIT and CCE in the CAN Control Register CTRLRLn are set. 


Resetting INIT (by CPU only) finishes the software initialisation. Afterwards the Bit Stream Processor BSP synchronizes itself 
to the data transfer on the CAN bus by waiting for the occurrence of a sequence of 11 consecutive recessive bits (= Bus Idle) 
before it can take part in bus activities and starts the message transfer. 


The initialization of the Message Objects is independent of INIT and can be done on the fly, but the Message Objects should 
all be configured to particular identifiers or set to not valid before the BSP starts the message transfer. 


To change the configuration of a Message Object during normal operation, the CPU has to start by setting MSGVAL bit to not 
valid. When the configuration is completed, MSGVAL bit is set to valid again. 


CAN Message Transfer 


Once the CAN is initialized and INIT is reset to zero, the CAN’s CAN Core synchronizes itself to the CAN bus and starts the 
message transfer. 


Received messages are stored into their appropriate Message Objects if they pass the Message Handler’s acceptance filter- 
ing. The whole message including all arbitration bits, DLC and eight data bytes is stored into the Message Object. If the Iden- 
tifier Mask is used, the arbitration bits, which are masked to “don’t care”, may be overwritten in the Message Object. 


The CPU may read or write each message any time via the Interface Registers, the Message Handler guarantees data con- 
sistency in case of concurrent accesses. 


Messages to be transmitted are updated by the CPU. If a permanent Message Object (arbitration and control bits set up 
during configuration) exists for the message, only the data bytes are updated and then TXRQST bit with NEWDAT bit are set 
to start the transmission. If several transmit messages are assigned to the same Message Object (when the number of Mes- 
sage Objects is not sufficient), the whole Message Object has to be configured before the transmission of this message is 
requested. 
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The transmission of any number of Message Objects may be requested at the same time, they are transmitted subsequently 
according to their internal priority. Messages may be updated or set to not valid any time, even when their requested trans- 
mission is still pending. The old data will be discarded when a message is updated before its pending transmission has 
started. Depending on the configuration of the Message Object, the transmission of a message may be requested autono- 
mously by the reception of a remote frame with a matching identifier. 


Disabled Automatic Retransmission 


According to the CAN Specification (see 15011898, 6.3.3 Recovery Management), the CAN provides means for automatic 
retransmission of frames that have lost arbitration or that have been disturbed by errors during transmission. The frame trans- 
mission service will not be confirmed to the user before the transmission is successfully completed. By default, this means 
that automatic retransmission is enabled. It can be disabled to enable the CAN to work within a Time Triggered CAN (TTCAN, 
see 1SO11898-1) environment. The Disabled Automatic Retransmission mode is enabled by programming bit DAR in the 
CAN Control Register CTRLRn to "1". In this operation mode the programmer has to consider the different behaviour of bits 
TXRQST and NEWDAT in the Control Registers of the Message Buffers: 


-When a transmission starts bit TXRQST of the respective Message Buffer is reset, while bit NEWDAT remains set. 
When the transmission completed successfully bit NEWDAT is reset. 


When a transmission failed (lost arbitration or error) bit NEWDAT remains set. To restart the transmission the CPU has to set 
TXRQST back to one. 


When the host requests the transmission of several messages at the same time, only two of these messages will be transmit- 
ted. For all other requested transmit messages, the TXRQST bits will be reset, but no transmission will be started, NEWDAT 
and INTPND will be left unchanged. For the two messages that are transmitted, the TXRQST and NEWDAT bits will be reset 
and, if enabled by TXIE, INTPND will be set. 


Test Mode 


The Test Mode is entered by setting bit TEST in the CAN Control Register to "1". In Test Mode the bits TX1, TX0, LBACK, 
SILENT and BASIC in the Test Register TESTRn are writable. Bit RX monitors the state of pin CAN_RX and therefore is only 
readable. All Test Register functions are disabled when bit TEST is reset to zero. 


Silent Mode 


The CAN Core can be set in Silent Mode by programming the Test Register TESTRn bit SILENT to "1". 


In Silent Mode, the CAN is able to receive valid data frames and valid remote frames, but it sends only recessive bits on the 
CAN bus and it cannot start a transmission. If the CAN Core is required to send a dominant bit (ACK bit, overload flag, active 
error flag), the bit is rerouted internally so that the CAN Core monitors this dominant bit, although the CAN bus may remain in 
recessive state. The Silent Mode can be used to analyse the traffic on a CAN bus without affecting it by the transmission of 
dominant bits (Acknowledge Bits, Error Frames). Figure 22-1 shows the connection of signals CAN_TX and CAN_RxX to the 
CAN Core in Silent Mode. 


In ISO 11898-1, the Silent Mode is called the Bus Monitoring Mode. 
Figure 22-1. CAN Core in Silent Mode 


CAN_TX CAN_RX 
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Loop Back Mode 


The CAN Core can be set in Loop Back Mode by programming the Test Register TESTRn bit LBACK to one. In Loop Back 
Mode, the CAN Core treats its own transmitted messages as received messages and stores them (if they pass acceptance fil- 
tering) into a Receive Buffer. Figure 22-2 shows the connection of signals CAN_TX and CAN_RX to the CAN Core in Loop 
Back Mode. 


Figure 22-2. CAN Core in Loop Back Mode 


CAN_TX CAN_RX 


This mode is provided for self-test functions. To be independent from external stimulation, the CAN Core ignores acknowl- 
edge errors (recessive bit sampled in the acknowledge slot of a data/remote frame) in Loop Back Mode. In this mode the CAN 
Core performs an internal feedback from its Tx output to its Rx input. The actual value of the CAN_RX input pin is disregarded 
by the CAN Core. The transmitted messages can be monitored at the CAN_TX pin. 


Loop Back combined with Silent Mode 


It is also possible to combine Loop Back Mode and Silent Mode by programming bits LBACK and SILENT to "1" at the same 
time. This mode can be used for a “Hot Selftest”, meaning the CAN can be tested without affecting a running CAN system 
connected to the pins CAN_TX and CAN_RX. In this mode the CAN_RX pin is disconnected from the CAN Core and the 
CAN_TX pin is held recessive. Figure 22-3 shows the connection of signals CAN_TX and CAN_RX to the CAN Core in case 
of the combination of Loop Back Mode with Silent Mode. 


Figure 22-3. CAN Core in Loop Back combined with Silent Mode 
CAN_TX CAN_RX 


Basic Mode 


The CAN Core can be set in Basic Mode by programming the Test Register TESTRn bit BASIC to "1". In this mode the CAN 
module runs without the Message RAM. 
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The IF1 Registers are used as Transmit Buffer. The transmission of the contents of the IF1 Registers is requested by writing 
the BUSY bit of the IF1 Command Request Register IF1CREQn to ‘1’. The IF1 Registers are locked while the BUSY bit is set. 
The BUSY bit indicates that the transmission is pending. 


As soon the CAN bus is idle, the IF1 Registers are loaded into the shift register of the CAN Core and the transmission is 
started. When the transmission has completed, the BUSY bit is reset and the locked IF1 Registers are released. 


A pending transmission can be aborted at any time by resetting the BUSY bit in the IF1 Command Request Register 
IF1CREQn while the IF1 Registers are locked. If the CPU has reset the BUSY bit, a possible retransmission in case of lost 
arbitration or in case of an error is disabled. 


The IF2 Registers are used as Receive Buffer. After the reception of a message the contents of the shift register is stored into 
the IF2 Registers, without any acceptance filtering. 


Additionally, the actual contents of the shift register can be monitored during the message transfer. Each time a read Mes- 
sage Object is initiated by writing the BUSY bit of the IF2 Command Request Register IF1CREQn to ‘1’, the contents of the 
shift register are stored into the IF2 Registers. 


In Basic Mode the evaluation of all Message Object related control and status bits and of the control bits of the IFx Command 
Mask Registers IF1CMSKn is turned off. The message number of the Command Request Registers is not evaluated. The 
NEWDAT and MSGLST bits of the IF2 Message Control Register IF2MCTRn retain their function, DLC3-0 will show the 
received DLC, the other control bits will be read as ‘0’. 


Software control of Pin CAN_TX 


Four output functions are available for the CAN transmit pin CAN_TX. Additionally to its default function — the serial data out- 
put — it can drive the CAN Sample Point signal to monitor CAN_Core’s bit timing and it can drive constant dominant or reces- 
sive values. The last two functions, combined with the readable CAN receive pin CAN_RX, can be used to check the CAN 
bus’ physical layer. 


The output mode of pin CAN_TX is selected by programming the Test Register TESTRn bits TX1 and TXO as described in 
section 22.5 CAN Protocol Related Registers. 


The three test functions for pin CAN_TX interfere with all CAN protocol functions. CAN_TX must be left in its default function 
when CAN message transfer or any of the test modes Loop Back Mode, Silent Mode, or Basic Mode are selected. 


22.3 Register Description 


This section lists the CAN registers and describes the function of each register in detail. 


Programmer’s Model 


The CAN module allocates an address space of 256 bytes (64 words). The CAN registers can be accessed from the CPU in 
byte and word. 


The two sets of interface registers (IF1 and IF2) control the CPU access to the Message RAM. They buffer the data to be 
transferred to and from the RAM, avoiding conflicts between CPU accesses and message reception/transmission. 


If several CAN modules are present on a device then they are located linearly in the address space with a constant offset of 
256 bytes. Please refer to the data sheet for the base address of each CAN module on the device. 


Table 22-1. CAN Register Summary 


| Offset | Byte Register Name | Word Register Name Initial value 
CANn base address + 0x0 CTRLRLn erie CAN n - Control register 000X0001 

n 
CANn base address + 0x1 CTRLRHn CAN n - Control register (reserved) | XXXXXXXX 


CANn base address + 0x2 STATRLn CAN n - Status register 00000000 
STATRn 


CANn base address + 0x3 STATRHn CAN n - Status register (reserved) | XXXXXXXX 
CANn base address + 0x4 ERRCNTLn cee CAN n - Error Counter (Transmit) | 00000000 

n 
CANn base address + 0x5 ERRCNTHn CAN n - Error Counter (Receive) | 00000000 
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Table 22-1. CAN Register Summary 


Offset | Byte RegisterName | Word RegisterName | __Description _——|__initial value 
Spence ere fetcmmeamamrie Permenes 
BRPERn 


CAN n - BRP Extension register 


IF1 registers 


CANn base address + 0x10 IF1{CREQLn aa IF1 Command request | ggqqq901 
IFiCREQn 
CANn base address + 0x11 IF1{CREQHn ace aes Mano 
CANn base address + 0x12 IF1CMSKLn a h-IF1 Command Mask '69- | poaqqo09 
veer CAN n- IF1C d Mask 
n- command Mask reg- 
CANn base address + 0x13 IF1CMSKHn ister (reserved) XXXXXXXX 


CANn base address + 0x1C IF{MCTRLn Sa Message Control OXXXx0000 
IFIMCTRn 
CANn base address + 0x1D IF{MCTRHn Se Meseae Contre) 00000000 


CANn base address + 0x1E IF1DTA1Ln CAN n - IF1 Data A1 00000000 
IF1DTA1n 


acl 


IF2 registers 


CANn base address + 0x40 IF2CREQLn ee IF2 Command request | ggqqqg01 
IF2CREQn 
CANn base address + 0x41 IF2CREQHn cae IF2 Command request | ox xxxxxx 
CANn base address + 0x42 IF2CMSKLn ne n-IF2 Command Mask tee- | gogcqo00 
Nereprce CAN n- IF2C d Mask 
n- ommand Mask reg- 
CANn base address + 0x43 IF2CMSKHn ister (reserved) XXXXXXXX 
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Table 22-1. CAN Register Summary 


Offset | Byte RegisterName | Word RegisterName | Description | __initial value 


CANn base address + 0x4C IF2MCTRLn pea Message Control OXXXx0000 
IF2MCTRn 
CANn base address + 0x4D IF2MCTRHn or ie Message Control 00000000 


abd 


CANn base address + 0x80 TREQRiLn aa Request | 99900000 
TREQRin 


CANn base address + 0x81 TREQRiHn CAN n - Transmission Request | gggq9000 
Register 
CANn base address + 0x82 TREQR2Ln alae Request —_| g9900000 
TREQR2n — 
CANn base address + 0x83 TREQR2Hn Se Request | 99000000 


eee 


INTPNDin 
INTPND2n 


[CANN base address +0x0E |coenn | GAN -Outputenaleregister | 0000000 


Hardware Reset Description 


After hardware reset, the registers of the CAN hold the values described as initial value in Table 22-1. 


Additionally, the busoff state is reset and the output CAN_TX is set to recessive (HIGH). The value 0x0001 (INIT = ‘1’) in the 
CAN Control Register CTRLRLn enables the software initialisation. The CAN does not influence the CAN bus until the CPU 
resets INIT to ‘0’. 


The data stored in the Message RAM is not affected by a hardware reset. After power-on, the contents of the Message RAM 
is undefined. 
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22.4 CAN Device Related Registers 


These registers are related to the device which hosts the CANbus controller. 
22.4.1. CAN Output Enable Register (COERn) 
The CAN Output Enable Register (COERn) controls whether the device pins is used as CANbus controller’s TX pin or not. 


CAN Output Enable Register (COERn) 
Figure 22-4. Configuration of the CAN Output Enable Register (COERn) 


CAN Output Enable Register 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0xCE res | res | res | res res | res | res | OE COERn 


Read/write => (R/WO\R/Wo\R/Wo\R/Wo)(R/WOXR/WO) (R/WO) (R/W) 
Default value> (X) (X) (X)  (X)_ (X)_—(X)_— (X)_— (0) 


Function of the CAN Output Enable Register (COERn) 


[bit7-bit1] Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bitO] OE Output Enable 
0 CAN TX is disabled. Pin can be used as General Purpose Port or for other peripheral function 
1 CAN TX is enabled. 


22.5 CAN Protocol Related Registers 


These registers are related to the CAN protocol controller in the CAN Core. They control the operating modes and the config- 
uration of the CAN bit timing and provide status information. 


22.5.1. CAN Control Register (CTRLRn) 
The CAN Control Register (CTRLRn) controls the basic operation modes of the CAN controller. 


CAN Control Register (CTRLRn) 
Figure 22-5. Configuration of the CAN Control Register (CTRLRn) 


CAN Control Register high byte 15 14 #=+13 #12 ~=611 10 9 8 = Bit no. 
Address : Base + 0x01 res | res | res | res | res | res | res | res CTRLRHn 
Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (X) (X) (X) (X) (X) (X%) (®%) (x) 
CAN Control Register low byte __—7 6 5 4 3 2 1 0) <= Bit no. 
Address : Base + 0x00 TEST| CCE] DAR| res | EIE | SIE IE | INIT CTRLRLn 


Read/write => (R/W) (R/W) (RW) (R) (RW) (RW) (RA) (RW) 
Default value> (0) (0) (0) (X) = (0) (0) (0) (1) 
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Function of the CAN Control Register (CTRLRn) 


[bit15 - bit8] Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit7] TEST Test Mode Enable 

0 Normal Operation. 

1 Test Mode. 
[bit6] CCE Configuration Change Enable 

0 The CPU has no write access to the Bit Timing Register. 

1 The CPU has write access to the Bit Timing Register (while Init = "1") 
[bit5] DAR Disable Automatic Retransmission 

0 Automatic Retransmission of disturbed messages enabled. 

1 Automatic Retransmission disabled. 


Note: 


When the C_CAN is configured to work in DAR-mode (Disable Automatic Retransmission) and the host requests the trans- 
mission of several messages at the same time, only two of these messages will be transmitted. For all other requested trans- 
mit messages, the TXRQST bits will be reset, but no transmission will be started, NEWDAT and INTPND will be left 
unchanged. For the two messages that are transmitted, the TXRQST and NEWDAT bits will be reset and, if enabled by TXIE, 
INTPND will be set. 


[bit4] res reserved bit 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit3] EIE Error Interrupt Enable 
0 Disabled - No Error Status Interrupt will be generated. 
1 Enabled - A change in the bits BOff or EWarn in the Status Register will generate an interrupt. 
[bit2] SIE Status Change Interrupt Enable 
0 Disabled - No Status Change Interrupt will be generated. 
{ Enabled - An interrupt will be generated when a message transfer is successfully completed or a CAN bus 


error is detected. 


[bit1] IE Module Interrupt Enable 
0 Disabled - Module Interrupt is always inactive. 
{ Enabled - Interrupts will be generated. The request remains active until all pending interrupts are pro- 
cessed. 
[bitO] INIT Initialization 
0 Normal Operation 
1 Initialization is started. 


Note: 


The busoff recovery sequence (see CAN Specification Rev. 2.0) cannot be shortened by setting or resetting INIT. If the device 
goes busoff, it will set INIT of its own accord, stopping all bus activities. Once INIT has been cleared by the CPU, the device 
will then wait for 129 occurrences of Bus Idle (129 * 11 consecutive recessive bits) before resuming normal operation. At the 
end of the busoff recovery sequence, the Error Management Counters will be reset. 


Note: 


During the waiting time after the resetting of INIT, each time a sequence of 11 recessive bits has been monitored, a BitOError 
code is written to the Status Register, enabling the CPU to readily check up whether the CAN bus is stuck at dominant level or 
continuously disturbed and to monitor the proceeding of the busoff recovery sequence. 
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22.5.2 Status Register (STATRn) 
The Status Register (STATRn) shows the status of the CAN controller. 
Status Register (STATRn) 
Figure 22-6. Configuration of the Status Register (STATRn) 
Status Register high byte 15014013812 10 9 8 _= Bit no. 
Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default values (X) (X) (X)  (X)_— (X)_— (X)_— (KX) (X) 


Status Register low byte = 7 6 5 4 3 2 1 0 < Bit no. 
Address : Base + 0x02 BOFF |EWARN| EPASS|IRXOK|TXOK LEC STATRLn 


Headiwnie == (R) (R) (R) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Function of the Status Register (STATRn) 


[bit15 - bit8] Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit7] BOFF Busoff Status 
0 The CAN module is not busoff. 
1 The CAN module is in busoff state. 
[bité] EWARN Warning Status 
0 Both error counters are below the error warning limit of 96. 
1 At least one of the error counters in the EML has reached the error warning limit of 96. 
[bit5] EPASS Error Passive 
0 The CAN Core is error active. 
1 The CAN Core is in the error passive state as defined in the CAN Specification. 
[bit4] RXOK Received a Message Successfully 
0 Since this bit was last reset by the CPU, no message has been successfully received. This bit is never reset by the 
CAN Core. 
1 Since this bit was last reset (to zero) by the CPU, a message has been successfully received (independent of the 


result of acceptance. 


[bit3] TXOK Transmitted a Message Successfully 
0 Since this bit was last reset by the CPU, no message has been successfully transmitted. This bit is never reset by 
the CAN Core. 
1 Since this bit was last reset by the CPU, a message has been successfully (error free and acknowledged by at least 


one other node) transmitted. 
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[bit2 - bitO] LEC Last Error Code (Type of the last error to occur on the CAN bus) 

0 No Error 
More than 5 equal bits in a sequence have occurred in a part of a received message 

1 Stuff Error ve 
where this is not allowed. 

2 Form Error A fixed format part of a received frame has the wrong format. 

3 AckError The message this CAN Core transmitted was not acknowledged by another node. 
During the transmission of a message (with the exception of the arbitration field), the 

4 Bit1 Error device wanted to send a recessive level (bit of logical value ‘1’), but the monitored bus 


value was dominant. 

During the transmission of a message (or acknowledge bit or active error flag, or over- 
load flag), the device wanted to send a dominant level (data or identifier bit logical value 
‘0’), but the monitored Bus value was recessive. During busoff recovery this status is set 


: BIGEHGF each time a sequence of 11 recessive bits has been monitored. This enables the CPU to 
monitor the proceeding of the busoff recovery sequence (indicating the bus is not stuck 
at dominant level or continuously disturbed). 

6 CRCError The CRC check sum was incorrect in the message received, the CRC received for an 
incoming message does not match with the calculated CRC for the received data. 

7 unused When the LEC shows the value ‘7’, no CAN bus event was detected since the CPU 


wrote this value to the LEC. 


The LEC field holds a code which indicates the type of the last error to occur on the CAN bus. This field will be cleared to ‘0’ 
when a message has been transferred (reception or transmission) without error. The unused code ‘7’ may be written by the 
CPU to check for updates. 

Status Interrupts 


A Status Interrupt is generated by bits BOFF and EWARN (Error Interrupt) or by RXOK, TXOK, and LEC (Status Change 
Interrupt) assuming that the corresponding enable bits in the CAN Control Register are set. A change of bit EPASS or a write 
to RXOK, TXOK,or LEC will never generate a Status Interrupt. 


Reading the Status Register will clear the Status Interrupt value (8000h) in the Interrupt Register, if it is pending. 


22.5.3 Error Counter (ERRCNTn) 
The Error Counter Register (ERRCNTn) contains the Receive and Transmit Error Counters REC and TEC. 


Error Counter (ERRCNTn) 
Figure 22-7. Configuration of the Error Counter (ERRCNTn) 
Error Counter high byte 15.0140 13) 12 11 10 9 8 _.= Bit no. 
Address : Base + 0x05 RP REC6-0 ERRCNTHn 


Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Error Counter low byte . 7 6 5 4 3 2 1 0 < Bit no. 
Address : Base + 0x04 TEC7-0 ERRCNTLn 


Read/write > (R) (R) (R) (R) (R) (R)-~ (R)_ (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Function of the Error Counter (ERRCNTn) 


[bit15] RP Receive Error Passive 
0 The Receive Error Counter is below the error passive level. 
1 The Receive Error Counter has reached the error passive level as defined in the CAN Specification. 
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[bit14 - bit8] REC6-0 Receive Error Counter 
Actual state of the Receive Error Counter. Values between 0 and 127. 
[bit7 - bitO] TEC7-0 Transmit Error Counter 
Actual state of the Transmit Error Counter. Values between 0 and 255. 
22.5.4 — Bit Timing Register (BTRn) 


The Bit Timing Register (BTRn) enables controlling of the CAN bus controller bit timing. 


Bit Timing Register (BTRn) 
Figure 22-8. Configuration of the Bit Timing Register (BTRn) 


Bit Timimg Register high byte 15 14 13 12 11 10 9 8 __= Bit no. 
Address : Base + 0x07 res TSEG2 TSEG1 BTRHn 
Read/write =>  (R) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) 
Default value> (X) (0) (1) (0) (0) (0) (14) (1) 
Bit Timing Register low byte . 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0x06 SJW BRP BTRLn 


Readivrite = (R/W) (R/W) (R/W) (R/W) (R/W) (RAW) (R/W) (R/W) 
Defaultvalue> (0) (0) (0) (0) (0) (0) (0) (1) 


Function of the Bit Timing Register (BTRn) 


[bit15] res Reserved bit 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 
[bit114 - bit12] TSEG2 The time segment after the sample point 
0x0-0x7 Valid values for TSEG2 are [0 ... 7 ]. The actual interpretation by the hardware of this value is such that one more 
than the value programmed here is used. 
[bit11 - bit8] TSEG1 The time segment before the sample point 
0x01-0x0F Valid values for TSEG1 are [1 ... 15]. The actual interpretation by the hardware of this value is such that one more 
than the value programmed here is used 
[bit7 - 6] SJW (Re)Synchronisation Jump Width 
0x0-0x3 Valid programmed values are 0-3. The actual interpretation by the hardware of this value is such that one more 
than the value programmed here is used. 
[bit5 - bitO] BRP Baud Rate Prescaler 
The value by which the peripheral clock CLKP2 frequency is divided for generating the bit time quanta. The bit time 
0x00-0x3F is built up from a multiple of this quanta. Valid values for the Baud Rate Prescaler are[0 ... 63]. The actual interpre- 


Note: 


tation by the hardware of this value is such that one more than the value programmed here is used. 


With a peripheral clock CLKP2 frequency of 8 MHz, the reset value of 0x2301 configures the CAN for a bit rate of 500 kBit/s. 
The registers are only writable if bits CCE and INIT in the CAN Control Register are set. 
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22.5.5 Test Register (TESTRn) 
The Test Register (TESTRn) offers functionality to test the CAN bus system. 


Test Register (TESTRn) 
Figure 22-9. Configuration of the Test Register (TESTRn) 


Test Register high byte 1500140131211 10 ‘) 8 = Bit no. 
Read/write=> (R) (R) (R) (R) (R) (R)  (R)  (R) 
Default value> (X) (X)  (X)  (X)_—(X)_—(X)_— (XK) (X) 


Test Register low byte — 7 6 5 4 3 2 1 0 < Bit no. 
Address : Base + 0x0A RX | TX1 | TXO |LBACK SILENT] BASIC] res | res TESTRLn 


Read/write =>  (R) (R/W) (RW) (RW) (RW) (RW) (AR) (R) 
Default value> (0) (0) (0) (0) (0) (0) (X) — (X) 


Function of the Test Register (TESTRn) 


[bit1 5-bit8] Reserved bits 


Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit7] RX Monitors the actual value of the CAN_RX Pin 
0 The CAN bus is dominant (CAN_RX = ‘0’). 
1 The CAN bus is recessive (CAN_RX = ‘1’). 
[bit6-bit5] TX1-0 Control of CAN_TX pin 
00 Reset value, CAN_TX is controlled by the CAN Core. 
01 Sample Point can be monitored at CAN_ TX pin. 
10 CAN_TX pin drives a dominant (‘0’) value. 
11 CAN_TX pin drives a recessive (‘1’) value. 
[bit4] LBACK Loop Back Mode 
0 Loop Back Mode is disabled. 
1 Loop Back Mode is enabled. 
[bit3] SILENT Silent Mode 
0 Normal operation. 
1 The module is in Silent Mode. 
[bit2] BASIC Basic Mode 
0 Basic Mode disabled. 
1 IF1 Registers used as Tx Buffer, IF2 Registers used as Rx Buffer. 
[bit1 -bitO] res Reserved Bits 


Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


Note: 


Write access to the Test Register is enabled by setting bit TEST in the CAN Control Register CTRLRn. The different test func- 
tions may be combined, but TX1-0 /= “O00” disturbs message transfer. 
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22.5.6 BRP Extension Register (BRPERn) 


The BRP Extension Register (BRPERn) contains an extension for the baud rate generator prescaler. 


BRP Extension Register (BRPERn) 
Figure 22-10. Configuration of the BRP Extension Register (BRPERn) 


BRP Extension Register high byte 150140 13) 121 10 9 8 __= Bit no. 
Read/write=> (R) (R) (R) (R) (RY (R) (R)  (R) 
Default value> (X) (X) (X)_ (X)_—(X)_— (KX) (X)_—(X) 


BRP Extension Register low byte... 7 6 5 4 3 2 1 0 < Bit no. 
Address : Base + 0x0C res | res | res | res BRPE BRPERLn 


Readiviie= (R) (R) (R)~ (R) (RW) (RW) (RW) (RW) 
Default value> (X) (X) (X) (X) (0) (0) (0) (0) 


Function of the BRP Extension Register (BRPERn) 


[bit1 5-bit4] res Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit3-bitO] BRPE Baud Rate Prescaler Extension 


By programming BRPE the Baud Rate Prescaler can be extended to values up to 1023. The actual interpretation 


0x00-0x0F by the hardware is that one more than the value programmed by BRPE (MSBs) and BRP (LSBs) is used. 


22.6 Message Interface Register Sets 


To avoid access conflicts between the CPU and the CAN bus controller in accessing the Message RAM, there are two sets of 
Interface Registers which are used to control the CPU access to the Message RAM. 


Overview of Message Interface Register Sets 


There are two sets of Interface Registers which are used to control the CPU access to the Message RAM. The Interface Reg- 
isters avoid conflicts between CPU access to the Message RAM and CAN message reception and transmission by buffering 
the data to be transferred. A complete Message Object (see section 22.7 Message Object in the Message Memory) or parts 
of the Message Object may be transferred between the Message RAM and the IFx Message Buffer registers in one single 
transfer. 


The function of the two interface register sets is identical (except for test mode BASIC). They can be used the way that one 
set of registers is used for data transfer to the Message RAM while the other set of registers is used for the data transfer from 
the Message RAM, allowing both processes to be interrupted by each other. Table 22-2 gives an overview of the two Inter- 
face Register sets. 


Each set of Interface Registers consists of Message Buffer Registers controlled by their own Command Registers. The Com- 
mand Mask Register specifies the direction of the data transfer and which parts of a Message Object will be transferred. The 
Command Request Register is used to select a Message Object in the Message RAM as target or source for the transfer and 
to start the action specified in the Command Mask Register. 
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Table 22-2. IF1 and IF2 Message Interface Register Sets 


22.6.1 IFx Command Request Registers (IFxXCREQn) 


A message transfer is started as soon as the CPU has written the message number to the Command Request Register (IFx- 
CREQn). With this write operation the CPU is notified that a transfer is in progress. If a CPU access to the CAN happens 
while the transfer is in progress then this access is delayed until the transfer has finished. After 3 to 6 CAN_CLK periods, the 
transfer between the Interface Register and the Message RAM has completed and the upcoming CPU access is executed. 


IFx Command Request Registers (IFxCREQn) 
Figure 22-11. Configuration of the IFx Command Request Registers (IFxXCREQn) 


IFx Command Request Register high byte 15 14 13 12 11 10 9 8 __= Bit no. 
Address (x = 1): CANn base + 0x11 

(x = 2): CANn base + 0x41 tee Piles lc 

Read/write => (R/(W)) (R) (R) (R) (R) (R) (R)_ (R) 

Default value= (0) (X) (X) (X)  (X) (X)— (X)_— (XX) 


res res | res | res | res IFxCREQHn 


IFx Command Request Register low byte 7 6 5 4 3 2 1 0 < Bit no. 
Address (x = 1): CANn base + 0x10 
. = >}: CANn base + 0x40 MSGN IFXCREGIn 
Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Defaultvalue> (0) (0) (0) (0) (0) (0) (0) (1) 
Function of the IFx Command Request Registers (IFxCREQn) 
[bit15] BUSY Busy Flag 
0 Reset to zero when read/write action has finished 
1 Set to one when writing to the IFx Command Request Register 
[bit1 4-bit8] res Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 
[bit5-bit0] MSGN Message Number (for 32 message buffer CANs, peavey ae data sheet for the number of message buffers 
0x00 Not a valid Message Number, interpreted as 0x20. 
0x01-0x20 Valid Message Number, the Message Object in the Message RAM is selected for data transfer. 
0x21-OxFF Not a valid Message Number, interpreted as 0x01-0x1F. 
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[bit-bit0] MSGN Message Number (for 64 message buffer CANs, , aeeeb ey data sheet for the number of message buffers of 
0x00 Not a valid Message Number, interpreted as 0x20. 
0x01-0x40 Valid Message Number, the Message Object in the Message RAM is selected for data transfer. 
0x41-OxFF Not a valid Message Number, interpreted as 0x01-0x3F. 
[bit7-bito] MSGN Message Number (for 128 message buffer CANs, Ere daaes the data sheet for the number of message buffers 
0x00 Not a valid Message Number, interpreted as 0x80. 
0x01-0x80 Valid Message Number, the Message Object in the Message RAM is selected for data transfer. 
0x81-OxFF Not a valid Message Number, interpreted as 0x01-0x7F. 


Note: 


The Busy Flag can only be used in BASIC mode (see Basic Mode on page 464). When using the Message RAM (BASIC=0) 
the hardware interface controls the access for read and write and this flag is always read as ‘0’. 


Note: 


When a Message Number that is not valid is written into the Command Request Register, the Message Number will be trans- 
formed into a valid value and that Message Object will be transferred. 


22.6.2 |IFx Command Mask Register (IFxKCMSKn) 


The control bits of the IFx Command Mask Register (IFxCMSKn) specify the transfer direction and select which of the IFx 
Message Buffer Registers are source or target of the data transfer. 


IFx Command Mask Regisiter (IFxCMSKn) 
Figure 22-12. Configuration of the IFx Command Mask Register (IFxCMSKn) 


IFx Command Mask Register high byte 15 14.18 12 1 10 i) 8 =: <= Bit no. 
(c= 3 GANA base 2 Os E __IFXCMSKHin 
Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value= (X) (X) (X)  (X) — (X)_— (X)_—s (X)_—s (X) 


IFx Command Mask Register low byte 7 6 5 4 3 2 { G 2= (Biro: 
Address b= 3): CANN base, 0x4a-—« |WRRD|MASK| ARB ¢ontro| CIP |TXREQDATAA|DATAB] IFxCMSKLn 
Read/write =>  (R/W) (R/W) (R/W) (R/W) (RW) (R/W) (RW) (RW) 
Default value= (0) (0) (0) (0) (0) (0) (0) = (0) 


Function of the IFx Command Mask Register (IFxCMSKn) 


[bit1 5-bit8] res Reserved Bits 
Always write "0". Read value is not defined. Read-Modify-Write is not affected. 


[bit7] WRRD Write / Read 
0 Read: Transfer data from the Message Object addressed by the Command Request Register into the selected 
Message Buffer Registers. 
{ Write: Transfer data from the selected Message Buffer Registers to the Message Object addressed by the Com- 


mand Request Register. 


The other bits of IFx Command Mask Register have different functions depending on the transfer direction: 
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Direction = Write 


[bit6] 


[bit5] 


[bit4] 


[bit3] 


[bit2] 


[bit1] 


[bitO] 


Direction = Read 


[bit6] 


[bit5] 


[bit4] 


[bit3] 


[bit2] 


[bit1] 


MASK 


CONTROL 


MASK 


CONTROL 


Access Mask Bits 
Mask bits unchanged. 


Transfer Identifier Mask + MDir + MXtd to Message Object. 


Access Arbitration Bits 
Arbitration bits unchanged. 


Transfer Identifier + Dir + Xtd + MsgVal to Message Object. 


Access Control Bits 
Control Bits unchanged. 
Transfer Control Bits to Message Object. 


Clear Interrupt Pending Bit 
When writing to a Message Object, this bit is ignored. 


Access Transmission Request Bit 
TXRQST bit unchanged 
set TXRQST bit 


Access Data Bytes 0-3 
Data Bytes 0-3 unchanged. 
Transfer Data Bytes 0-3 to Message Object. 


Access Data Bytes 4-7 
Data Bytes 4-7 unchanged. 
Transfer Data Bytes 4-7 to Message Object. 


Access Mask Bits 
Mask bits unchanged. 


Transfer Identifier Mask + MDir + MXtd to IFx Message Buffer Register. 


Access Arbitration Bits 
Arbitration bits unchanged. 


Transfer Identifier + Dir + Xtd + MsgVal to IFx Message Buffer Register. 


Access Control Bits 
Control Bits unchanged. 
Transfer Control Bits to IFx Message Buffer Register. 


Clear Interrupt Pending Bit 
INTPND bit remains unchanged. 
Clear INTPND bit in the Message Object. 


Access New Data Bit 
NEWDAT bit remains unchanged. 
Clear NEWDAT bit in the Message Object. 


Access Data Bytes 0-3 
Data Bytes 0-3 unchanged. 
Transfer Data Bytes 0-3 to IFx Message Buffer Register. 
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[bitO] DATAB Access Data Bytes 4-7 
0 Data Bytes 4-7 unchanged. 
1 Transfer Data Bytes 4-7 to IFx Message Buffer Register. 
Note: 


A read access to a Message Object can be combined with the reset of the control bits INTPND and NEWDAT. The values of 
these bits transferred to the IFx Message Control Register always reflect the status before resetting these bits. 


22.6.3 _IFx Mask Registers (IFxMSK1n, IFxMSK2n) 


The bits of the Message Buffer registers mirror the Message Objects in the Message RAM. The bits of the IFx Mask Registers 
(IFXMSK1n, IFxMSK2n) specify which parts of the message arbitration registers (IFXARB1n, IFxARB2n) are evaluated. 


IFx Mask Registers (IFxMSK1n, IFxMSK2n) 
Figure 22-13. Configuration of the IFx Mask Registers (IFxMSK1n, IFxMSK2n) 


IFx Mask 1 Register high byte 15. 14,13) 1211 10 9 8 = Bit no. 


Address (x = 1): CANn Base + 0x15 MSK15-8 IFxMSK1Hn 
(x = 2): CANn Base + 0x45 = 
Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 


Defaultvalue> (1) (1) (1) (4) (4) (4) (4) (A) 


IFx Mask 1 Registerlow byte _.. ra 6 5 4 3 2 1 0 <= Bit no. 


Address (x = 1): Base + 0x14 MSK7-0 IFxMSKiLn 
(x = 2): Base + 0x44-—~ 
Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 


Defaultvalue> (1) (1) (1) (14) (4) (1) (1) (1) 


IFx Mask 2 Register high byte 150 14,—O 13) 1211 10 9 8 __.= Bit no. 


Address (x = 1) : CANn Base + 0x17 MXTD|MDIR | res MSK28-24 IFxMSK2Hn 
(x = 2): CANn Base + 0x47 = 
Read/write => (R/W) (R/W) (R) (R/W) (R/W) (R/W) (R/W) (R/W) 


Defaultvalue> (1) (1) (X) (1) (4) (4) (4) (A) 


IFx Mask 2 Registerlow byte __. 7 6 5 4 3 2 1 0 <= Bit no. 


Address (x = 1) : CANn Base + 0x16 MSK23-16 IExMSK2Ln 
(x = 2): CANn Base + 0x46-—~ 
Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 


Defaultvalue> (1) (1) (1) (4) (4) 61) (1) (1) 


478 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“ag «= EMBEDDED IN TOMORROW CAN Controller 


22.6.4 —IFx Arbitration Registers (IFxARB1n, IFxARB2n) 


The bits of the Message Buffer registers mirror the Message Objects in the Message RAM. In case of transmission, the bits of 
the message arbitration registers (IFXARB1n, IFxARB2n) specify the ID of the message. In case of reception, the bits of the 
message arbitration registers (IFxARBin, IFxARB2n) specify the acceptance filter. 


IFx Arbitration Registers (IFxXARB1n, IFxARB2n) 
Figure 22-14. Configuration of the IFx Arbitration Registers (IFxARB1n, IFxARB2n) 


IFx Arbitration 1 Register high byte 15 14 13 12 11 10 9 8 < Bit no. 
Address (x = 1): CANn Base + 0x19 ID15-8 IFxARB1Hn 
(x = 2): CANn Base + 0x49 


Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


IFx Arbitration 1 Register low byte — 7 6 5 4 3 2 1 0 


Address (x = 1): CANn Base + 0x18 : 
(x = 2): CANn Base + 0x48..... ID7-0 IFxARB1Ln 


Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


< Bit no. 


IFx Arbitration 2 Register high byte 15 14 13 12 


11 10 9 8 = Bit no. 
Address (x = 1): CANn Base + 0x1B XTD | DIR ID28-24 IFxARB2H 
(x = 2): GANn Base + 0x48 LSCVAL 2 = 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


IFx Arbitration 2 Register low byte 7 6 5 4 3 


Address (x = 1): CANn Base + oxiA 
(x = 2): CANn Base + 0x4A__ mea Arn 


Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


2 1 0 < Bit no. 


22.6.5 IFx Message Control Register (IFxMCTRn) 


The bits of the Message Buffer registers mirror the Message Objects in the Message RAM. The bits of the Message Control 
Register (IFXMCTRn) contain status information and control bits. 


IFx Message Control Register (IFxMCTRn) 
Figure 22-15. Configuration of the IFx Message Control Register (IFxMCTRn) 


IFx Message Control Register high byte 15 14 13 12 11 10 9 8 __=Bitno. 


Address (x = 1): Base + 0x1D NEWDATMSGLST |INTPND|JUMASK] TXIE | RXIE |RMTEN|TXRQST IFxMCTRHn 
(x = 2): Base + 0x4D sn 
Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


IFx Message Control Register low byte 7 6 5 4 3 2 1 0 <= Bit no. 
S 
) 


ee ae oe IFxMCTRLn 
(x = 2): Base + 0x4C—~ ae 


Read/write > (R/W) (R R) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (X) (X) (X) (0) (0) (0) (0) 
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22.6.6 IFx Data A and Data B Registers (IFxDTA1n, IFxDTA2n, IFxDTB1n, IFxDTB2n) 


The data bytes of CAN messages are stored in the IFx Message Buffer Registers. 


IFx Data A and Data B Registers (IFxDTAn, IFxDTBn) 


In a CAN Data Frame, Data(0) is the first, Data(7) is the last byte to be transmitted or received. In CAN’s serial bit stream, the 
MSB of each byte will be transmitted first. 


The data bytes of CAN messages are stored in the IFx Message Buffer Registers in the following order: 


Table 22-3. 


Register Address Address + 0 content Address + 1 content 
= 1: CANn base + 0x1E 
IFxDTAIn . ee Data(0) Data(1) 
x = 2: CANn base + 0x4E 
= 1: CANn base + 0x20 
IFxDTA2n bes Data(2) Data(3) 
X = 2: CANn base + 0x50 


= 1: CANn base + 0x22 

IFxDTBin . ues Data(4) Data(5) 
x = 2: CANn base + 0x52 
= 1: CANn base + 0x24 

IFxDTB2n 7 bos Data(6) Data(7) 
x = 2: CANn base + 0x54 


22.7 Message Object in the Message Memory 


There are 32 Message Objects (up to 128 depending on the implementation) in the Message RAM. To avoid conflicts 
between CPU access to the Message RAM and CAN message reception and transmission, the CPU cannot directly access 
the Message Objects, these accesses are handled via the IFx Interface Registers. 


Structure of a Message Object in the Message Memory 
Figure 22-16 gives an overview of the two structure of a Message Object. 


Figure 22-16. Structure of a Message Object in the Message Memory 


Message Object 
UMASK MSK28-0 MXTD Pwo | EOB NEWDAT MSGLST RXIE TXIE INTPND RMTEN TXRQST 
[om | oie 


MSGVAL ID28-0 


MSGVAL Message Valid 
0 The Message Object is ignored by the Message Handler. 
1 The Message Object is configured and should be considered by the Message Handler. 
Note: 


The CPU must reset the MSGVAL bit of all unused Messages Objects during the initialization before it resets bit INIT in the 
CAN Control Register. This bit must also be reset before the identifier ID28-0, the control bits XTD, DIR, or the Data Length 
Code DLC3-0 are modified, or if the Message Object is no longer required. 


UMASK Use Acceptance Mask 
0 Mask ignored. 
1 Use Mask (MSK28-0, MXTD, and MDIR) for acceptance filtering. 
Note: 


If the UMASK bit is set to one, the Message Object’s mask bits have to be programmed during initialization of the Message 
Object before MSGVAL is set to "1". 
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ID28-0 Message Identifier 
ID28 - IDO 29-bit Identifier (“Extended Frame’). 
ID28 - ID18 11-bit Identifier (“Standard Frame’). 
MSK28-0 Identifier Mask 
0 The corresponding bit in the identifier of the message object cannot inhibit the match in the acceptance filtering. 
1 The corresponding identifier bit is used for acceptance filtering. 
XTD Extended Identifier 
0 The 11-bit (“standard”) Identifier will be used for this Message Object. 
1 The 29-bit (“extended”) Identifier will be used for this Message Object. 
MXTD Mask Extended Identifier 
0 The extended identifier bit (XTD) has no effect on the acceptance filtering 
1 The extended identifier bit (XTD) is used for acceptance filtering. 
Note: 


When 11-bit (“standard”) Identifiers are used for a Message Object, the identifiers of received Data Frames are written into 
bits ID28 to |ID18. For acceptance filtering, only these bits together with mask bits MSK28 to MSK18 are considered. 


DIR Message Direction 
0 Direction = receive: On TXRQST, a Remote Frame with the identifier of this Message Object is transmitted. On reception of a Data 
Frame with matching identifier, that message is stored in this Message Object. 
{ Direction = transmit: On TXRQST, the respective Message Object is transmitted as a Data Frame. On reception of a Remote Frame 
with matching identifier, the TXRQST bit of this Message Object is set (if RMTEN = one). 
MDIR Mask Message Direction 
0 The message direction bit (DIR) has no effect on the acceptance filtering. 


The message direction bit (DIR) is used for acceptance filtering. 


The Arbitration Registers |D28-0, XTD, and DIR are used to define the identifier and type of outgoing messages and are used 
(together with the mask registers MSK28-0, MXTD and MDIR) for acceptance filtering of incoming messages. A received 
message is stored into the valid Message Object with matching identifier and Direction = receive (Data Frame) or Direction = 
transmit(Remote Frame). Extended frames can be stored only in Message Objects with XTD = one, standard frames in Mes- 
sage Objects with XTD = zero. If a received message (Data Frame or Remote Frame) matches with more than one valid Mes- 
sage Object, it is stored into that with the lowest message number. For details see section Acceptance Filtering of Received 
Messages on page 490. 


EOB End of Buffer 
0 Message Object belongs to a FIFO Buffer and is not the last Message Object of that FIFO Buffer. 
1 Single Message Object or last Message Object of a FIFO Buffer. 
Note: 


This bit is used to concatenate two ore more Message Objects (up to 32) to build a FIFO Buffer. For single Message Objects 
(not belonging to a FIFO Buffer) this bit must always be set to 1. For details on the concatenation of Message Objects see 
section Configuration of a FIFO Buffer on page 493. 


NEWDAT New Data 
0 No new data has been written into the data portion of this Message Object by the Message Handler since last time this flag was cleared 
by the CPU. 
1 The Message Handler or the CPU has written new data into the data portion of this Message Object. 
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MSGLST Message Lost (only valid for Message Objects with direction = receive) 
0 No message lost since last time this bit was reset by the CPU. 
1 The Message Handler stored a new message into this object when NewDat was still set, the CPU has lost a message. 

RXIE Receive Interrupt Enable 
0 INTPND will be left unchanged after a successful reception of a frame. 
1 INTPND will be set after a successful reception of a frame. 
TXIE Transmit Interrupt Enable 

0 INTPND will be left unchanged after the successful transmission of a frame. 
1 INTPND will be set after a successful transmission of a frame. 

INTPND Interrupt Pending 
0 This message object is not the source of an interrupt. 
{ This message object is the source of an interrupt. The Interrupt Identifier in the Interrupt Register will point to this message object if there 

is no other interrupt source with higher priority. 

RMTEN Remote Enable 
0 At the reception of a Remote Frame, TXRQST is left unchanged. 
1 At the reception of a Remote Frame, TXRQST is set. 

TXRQST Transmit Request 
0 This Message Object is not waiting for transmission. 
1 The transmission of this Message Object is requested and is not yet done. 

Note: 


When the lowest priority message buffer is used for transmission, setting TXRQST = "0" may cause a delay of transmission, 
when TXRQST is set to "1" again. 


Depending on the exact time when TXRQST was set to 0, the message may not be transmitted immediately after setting 
TXRQST = "1", but after any of the following events: 


1. there is activity ongoing on the CANbus 


2. a transmission request is issued on another message object 
3. the CANbus is initialized by the INIT bit 


In general, there is no need to cancel an ongoing transmission by setting TXRQST = 0. If the content of a message object 
needs to be changed while TXRQST = 1, it is sufficient to update the message object via the CPU interface registers (Identi- 
fier, DLC, Data, with TXRQST and NEWDAT, optionally TXIE). The updated content will be transmitted at the next opportu- 
nity. 


DLC3-0 Data Length Code 
0-8 Data Frame has 0-8 data bytes. 
9-15 Data Frame has 8 data bytes. 
Note: 


The Data Length Code of a Message Object must be defined the same as in all the corresponding objects with the same 
identifier at other nodes. When the Message Handler stores a data frame, it will write the DLC to the value given by the 
received message. 


Datad 1st data byte of a CAN Data Frame 
Data1 2nd data byte of a CAN Data Frame 
Data2 3rd data byte of a CAN Data Frame 
Data3 Ath data byte of a CAN Data Frame 
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Data4 5th data byte of a CAN Data Frame 
Data5 6th data byte of a CAN Data Frame 
Data6 7th data byte of a CAN Data Frame 
Data7 8th data byte of a CAN Data Frame 


Note: 


Byte Data0 is the first data byte shifted into the shift register of the CAN Core during a reception, byte Data7 is the last. When 
the Message Handler stores a Data Frame, it will write all the eight data bytes into a Message Object. If the Data Length Code 
is less than 8, the remaining bytes of the Message Object will be overwritten by non specified values. 


22.8 Message Handler Registers 
All Message Handler registers are read-only. Their contents (TXRQST, NEWDAT, INTPND, and MSGVAL bits of each Mes- 
sage Object and the Interrupt Identifier) is status information provided by the Message Handler FSM. 


22.0.1 Interrupt Register (INTRn) 
The Interrupt Register (INTRn) points to the pending interrupt of highest priority. 


Interrupt Register (INTRn) 
Figure 22-17. Configuration of the Interrupt Register (INTRn) 
Interrupt Register high byte 15 14 #=+13 #12 ~=611 10 9 8 _.= Bit no. 
Address : Base + 0x09 INTID15-8 INTRHn 
Readiwrte=> (R) (R) (R) (R) (R) (R) (R) (RF) 


Default value> (0) (0) (0) (0) (0) (0) (0) (0) 
Interrupt Register low byte —_ 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0x08 INTID7-0 INTRLn 


Reddiwrite (R) (R) (R) (RR) (R) (R)~ (R)_ (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Function of the Interrupt Register (INTRn) 
(For 32 message buffer CANs) 


INTID15-0 Interrupt Identifier (the number here indicates the source of the interrupt) 
0x0000 No interrupt is pending. 
0x0001-0x0020 Number of Message Object which caused the interrupt. 
0x0021-0x7FFF unused. 
0x8000 Status Interrupt. 
0x8001-OxFFFF unused. 


(For 128 message buffer CANs) 


INTID15-0 Interrupt Identifier (the number here indicates the source of the interrupt) 
0x0000 No interrupt is pending. 
0x0001-0x0080 Number of Message Object which caused the interrupt. 
0x0081-0x7FFF unused. 
0x8000 Status Interrupt. 
0x8001-OxFFFF unused. 
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If several interrupts are pending, the CAN Interrupt Register will point to the pending interrupt with the highest priority, disre- 
garding their chronological order. An interrupt remains pending until the CPU has cleared it. If Intld is different from 0x0000 
and IE is set, the interrupt line to the CPU is active. The interrupt line remains active until Intld is back to value 0x0000 (the 
cause of the interrupt is reset) or until IE is reset. 


The Status Interrupt has the highest priority. Among the message interrupts, the Message Object’s interrupt priority 
decreases with increasing message number. 


A message interrupt is cleared by clearing the Message Object’s INTPND bit. The Status Interrupt is cleared by reading the 
Status Register. 


22.8.2 Transmission Request Registers (TREQR1n, TREQR2n) 


The Transmission Request Registers (TREQR1n, TREQR2n) control the transmission of message objects. 


Transmission Request Registers (TREQRin, TREQR2n) 
Figure 22-18. Transmission Request Registers (TREQRin, TREQR2n) 
Transmission Req Register 1 highbyte 15 14 #13 12 ~~ 11 10 9 8 __= Bit no. 
Address : Base + 0x81 TXRQST16-9 TREQR1Hn 


Read/write => (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Transmission Req Register 1 low byte 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0x80 TXRQST8-1 TREQR1Ln 


Readiwrite=> (R) (R) (R) (RA) (A) (A) (RR) 
Default value> (0) (0) (0) (0) (0) (0) 


Transmission Req Register2highbyte 15 14 13 12 ~~ 11 10 9 8 = Bit no. 
Address : Base + 0x83 TXRQST32-25 TREQR2Hn 


Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Transmission Req Register 2 low 7 6 5 4 3 2 1 0 < Bit no. 


Address : Base + 0x82 TXRQST24-17 TREQR2Ln 


Readiwrte> (R) (R) (R) (R) (A) (A) () (A) 
Default value> (0) (0) (0) (0) (0) (0) 


Function of the Transmission Request Registers (TREQR1n, TREQR2n) 


TXRQST32-1 Transmission Request Bits (of all Message Objects) 
0 This Message Object is not waiting for transmission. 
1 The transmission of this Message Object is requested and is not yet done. 


These registers hold the TXRQST bits of the 32 Message Objects. By reading out the TXRQST bits, the CPU can check for 
which Message Object a Transmission Request is pending. The TXRQST bit of a specific Message Object can be set/reset 
by the CPU via the IFx Message Interface Registers or by the Message Handler after reception of a Remote Frame or after a 
successful transmission. 
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Note: 


When the lowest priority message buffer is used for transmission, setting TXRQST = "0" may cause a delay of transmission, 
when TXRQST is set to "1" again. 


Depending on the exact time when TXRQST was set to 0, the message may not be transmitted immediately after setting 
TXRQST = "1", but after any of the following events: 


1. there is activity ongoing on the CANbus 
2. a transmission request is issued on another message object 
3. the CANbus is initialized by the INIT bit 


In general, there is no need to cancel an ongoing transmission by setting TXRQST = 0. If the content of a message object 
needs to be changed while TXRQST = 1, it is sufficient to update the message object via the CPU interface registers (Identi- 
fier, DLC, Data, with TXRQST and NEWDAT, optionally TXIE). The updated content will be transmitted at the next opportu- 
nity. 


If more than 32 message buffers are implemented, the following table gives an overview about the additional flags: 


Table 22-4. Additional flags when more than 32 message buffers exist 


a cc 
TREQR 4 &3 TXRQST 64-33 (address 0x84) TXRQST64-57 TXRQST56-49 TXRQST48-41 TXRQST40-33 


TREQR 6&5 TXRQST 96-65 (address 0x88) TXRQST96-89 TXRQST88-81 TXRQST80-73 TXRQST72-65 
TREQR 8&7 | TXRQST 128-97 (address 0x8C) TXRQST128-121 TXRQST120-113 TXRQST112-105 TXRQST104-97 
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22.8.3 New Data Registers (NEWDT1n, NEWDT2n) 
The New Data Registers (NEWDT1n, NEWDT2n) indicate per message buffer that new data has been received. 


New Data Registers (NEWDT1n, NEWDT2n) 
Figure 22-19. Configuration of the New Data Registers (NEWDT1n, NEWDT2n) 


New Data Register 1 high byte 15 14 13 12 11 10 9 8 <= Bit no. 


Read/write—> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) = (0) 


New Data Register 1 low byte _ 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0x90 NEWDAT8-1 NEWDT1Ln 


Readiwrte=> (R) (R) (R) (R) (A) (R) (A) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


New Data Register 2 high byte 150014013121 10 9 8 __.= Bit no. 
Address : Base + 0x93 NEWDATS32-25 NEWDT2Hn 
Read/write=> (R) (R) (R) (R) (R) (R)  (R)  (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


New Data Register 2 low byte _ 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0x92 NEWDAT24-17 NEWDT2Ln 


Readiwrite> (R) (R) (R) (RA) (R) (A) (RA) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Function of the New Data Registers (NEWDT1n, NEWDT2n) 


NEWDAT32-1 New Data Bits (of all Message Objects) 
0 No new data has been written into the data portion of this Message Object by the Message Handler since last time this flag was cleared 
by the CPU. 
1 The Message Handler or the CPU has written new data into the data portion of this Message Object. 


These registers hold the NEWDAT bits of the 32 Message Objects. By reading out the NEWDAT bits, the CPU can check for 
which Message Object the data portion was updated. The NEWDAT bit of a specific Message Object can be set/reset by the 
CPU via the IFx Message Interface Registers or by the Message Handler after reception of a Data Frame or after a success- 
ful transmission. 


If more than 32 message buffers are implemented, the following table gives an overview about the additional flags: 


Table 22-5. Additional flags when more than 32 message buffers exist 


a 
NEWDT 4 &3 NEWDAT 64-33 (address 0x94) NEWDAT64-57 NEWDAT56-49 NEWDAT48-41 NEWDAT40-33 


NEWDT 6&5 NEWDAT 96-65 (address 0x98) NEWDAT96-89 NEWDATS88-81 NEWDAT80-73 NEWDAT72-65 
NEWDT 8 &7 NEWDAT 128-97 (address 0x9C) NEWDAT128-121 NEWDAT120-113 NEWDAT112-105 NEWDAT104-97 
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22.8.4 — Interrupt Pending Registers (INTPNDin, INTPND2n) 


The Interrupt Pending Registers (INTPND1n, INTPND2n) indicate whether a message object caused an interrupt or not. 


Interrupt Pending Registers (INTPND1n, INTPND2n) 
Figure 22-20. Configuration of Interrupt Pending Registers (INTPND1n, INTPND2n) 


Int Pending Register 1 high byte 15 14 13 12 11 10 9 8 <= Bit no. 


Read/write—> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Int Pending Register 1 low byte 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0xA0 INTPND8-1 INTPND1Ln 


Readiwrite=> (R) (R) (R) (RA) (R) (AR) (RA) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) 


Int Pending Register 2 high byte 15 14 13 12 11 10 9 8 <= Bit no. 


Address : Base + 0xA3 INTPND32-25 — INTPND2Hn 
Read/write=> (R) (R) (R) (R) (R) (R) (R)_ (R) 
Default value> (0) (0) (0) (0) (0) (0) (0) (0) 


Int Pending Register 2 low byte 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + OxA2 INTPND24-17 INTPND2Ln 


Readiwrite=> (R) (R) (R) (R) (R) (A) (A) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) 


Function of Interrupt Pending Registers (INTPND1n, INTPND2n) 


INTPND32-1 Interrupt Pending Bits (of all Message Objects) 
0 This message object is not the source of an interrupt. 
1 This message object is the source of an interrupt. 


These registers hold the INTPND bits of the 32 Message Objects. By reading out the INTPND bits, the CPU can check for 
which Message Object an interrupt is pending. The INTPND bit of a specific Message Object can be set/reset by the CPU via 
the IFx Message Interface Registers or by the Message Handler after reception or after a successful transmission of a frame. 
This will also affect the value of INTID in the Interrupt Register INTRn. 


If more than 32 message buffers are implemented, the following table gives an overview about the additional flags: 


Table 22-6. Additional flags when more than 32 message buffers exist 


par atret | acarse | adaes 
INTPND 4 & 3 INTPND 64-33 (address 0xA4) INTPND64-57 INTPND56-49 INTPND48-41 INTPND40-33 


INTPND 6 & 5 INTPND 96-65 (address 0xA8) INTPND96-89 INTPND88-81 INTPND80-73 INTPND72-65 
INTPND 8 & 7 INTPND 128-97 (address 0xAC) INTPND128-121 INTPND120-113 INTPND112-105 INTPND104-97 
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22.8.5 Message Valid Registers (MSGVAL1n, MSGVAL2n) 
The Message Valid Registers (MSGVAL1n, MSGVAL2n) show the validity status for each message object. 


Message Valid Registers (MSGVAL1n, MSGVAL2n) 
Figure 22-21. Configuration of Message Valid Registers (MSGVAL1n, MSGVAL2n) 
Message Valid Register 1 high byte 15014013) 12 1 10 s) 8 = Bit no. 
Address : Base + 0xB1 MSGVAL16-9 MSGVAL1Hn 


Read/write=> (R) (R) (R) (R) (R) (R) (RR) (R) 
Default value>  ( 


Message Valid Register 1 low byte = 7 6 5 4 3 2 1 0 < Bit no. 
Address : Base + 0xBO MSGVAL8-1 MSGVAL1Ln 


Readiwrite=> (R) (R) (R) (R) (R) (A) (RA) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) ) 


Message Valid Register 2 high byte 15. 14013) 1211 10 9 8 = Bit no. 
Address : Base + 0xB3 MSGVAL32-25 MSGVAL2Hn 


Read/write=> (R) (R) (R) (R) (R) (R) (R) (R) 
Default value>  ( 


Message Valid Register 2 low byte _ 7 6 5 4 3 2 1 0 <= Bit no. 
Address : Base + 0xB2 MSGVAL24-17 MSGVAL2Ln 


Readiwrite=> (R) (R) (R) (R) (R) (RA) (RA) (A) 
Default value> (0) (0) (0) (0) (0) (0) (0) ) 


Function of the Message Valid Registers (MSGVAL1n, MSGVAL2n) 


MSGVAL32-1 Message Valid Bits (of all Message Objects) 
1 This Message Object is configured and should be considered by the Message Handler. 


These registers hold the MSGVAL bits of the 32 Message Objects. By reading out the MSGVAL bits, the CPU can check 
which Message Object is valid. The MSGVAL bit of a specific Message Object can be set/reset by the CPU via the IFx Mes- 
sage Interface Registers. 


If more than 32 message buffers are implemented, the following table gives an overview about the additional flags: 


Table 22-7. Additional flags when more than 32 message buffers exist 


ee es cs 
MSGVAL 4 & 3 MSGVAL 64-33 (address 0xB4) MSGVAL64-57 MSGVAL56-49 MSGVAL48-41 MSGVAL40-33 


MSGVAL 6 & 5 MSGVAL 96-65 (address 0xB8) MSGVAL96-89 MSGVAL88-81 MSGVAL80-73 MSGVAL72-65 
MSGVAL 8 & 7 MSGVAL 128-97 (address 0xBC) MSGVAL128-121 MSGVAL120-113 MSGVAL112-105 MSGVAL104-97 
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22.9 CAN Application 


This section describes how to use the CAN module in the application 


Management of Message Objects 


The configuration of the Message Objects in the Message RAM will (with the exception of the bits MSGVAL, NEWDAT, INT- 
PND, and TXRQST) not be affected by resetting the chip. All the Message Objects must be initialized by the CPU or they 
must be not valid (MSGVAL = ‘0’) and the bit timing must be configured before the CPU clears the INIT bit in the CAN Control 
Register. 


The configuration of a Message Object is done by programming Mask, Arbitration, Control and Data field of one of the two 
interface register sets to the desired values. By writing to the corresponding IFx Command Request Register, the IFx Mes- 
sage Buffer Registers are loaded into the addressed Message Object in the Message RAM. 


When the INIT bit in the CAN Control Register is cleared, the CAN Protocol Controller state machine of the CAN_Core and 
the Message Handler State Machine control the CAN’s internal data flow. Received messages that pass the acceptance filter- 
ing are stored into the Message RAM, messages with pending transmission request are loaded into the CAN_Core’s Shift 
Register and are transmitted via the CAN bus. 


The CPU reads received messages and updates messages to be transmitted via the IFx Interface Registers. Depending on 
the configuration, the CPU is interrupted on certain CAN message and CAN error events. 


Message Handler State Machine 


The Message Handler controls the data transfer between the Rx/Tx Shift Register of the CAN Core, the Message RAM and 
the IFx Registers. 

The Message Handler FSM controls the following functions: 

Data Transfer from IFx Registers to the Message RAM 

Data Transfer from Message RAM to the IFx Registers 

Data Transfer from Shift Register to the Message RAM 

Data Transfer from Message RAM to Shift Register 

Data Transfer from Shift Register to the Acceptance Filtering unit 
Scanning of Message RAM for a matching Message Object 
Handling of TXRQST flags. 

Handling of interrupts. 


Data Transfer from/to Message RAM 


When the CPU initiates a data transfer between the IFx Registers and Message RAM, the Message Handler sets an internal 
busy signal which delays a consecutive access. After the transfer has completed, the busy signal is set back and the consec- 
utive access is executed. 


The respective Command Mask Register specifies whether a complete Message Object or only parts of it will be transferred. 
Due to the structure of the Message RAM it is not possible to write single bits/bytes of one Message Object, it is always nec- 
essary to write a complete Message Object into the Message RAM. Therefore the data transfer from the IFx Registers to the 
Message RAM requires a read-modify-write cycle. First the parts of the Message Object that are not to be changed are read 
from the Message RAM and then the complete contents of the Message Buffer Registers are transferred to the Message 
Object. 
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Figure 22-22. Data Transfer between IFx Registers and Message RAM 
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Write IFx to Message RAM 


After the partial write of a Message Object, the Message Buffer Registers that are not selected in the Command Mask Regis- 
ter will be set to the actual contents of the selected Message Object. 


After the partial read of a Message Object, the Message Buffer Registers that are not selected in the Command Mask Regis- 
ter will be left unchanged. 


Transmission of Messages 


If the shift register of the CAN Core cell is ready for loading and if there is no data transfer between the IFx Registers and 
Message RAM, the MSGVAL bits in the Message Valid Register and the TXRQST bits in the Transmission Request Register 
are evaluated. The valid Message Object with the highest priority pending transmission request is loaded into the shift regis- 
ter by the Message Handler and the transmission is started. The Message Objects NEWDAT bit is reset. 


After a successful transmission and if no new data was written to the Message Object (NEWDAT = ‘0’) since the start of the 
transmission, the TXRQST bit will be reset. If TXIE is set, INTPND will be set after a successful transmission. If the CAN has 
lost the arbitration or if an error occurred during the transmission, the message will be retransmitted as soon as the CAN bus 
is free again. If meanwhile the transmission of a message with higher priority has been requested, the messages will be 
transmitted in the order of their priority. 


Acceptance Filtering of Received Messages 


When the arbitration and control field (Identifier + IDE + RTR + DLC) of an incoming message is completely shifted into the 
Rx/Tx Shift Register of the CAN Core, the Message Handler FSM starts the scanning of the Message RAM for a matching 
valid Message Object. 
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To scan the Message RAM for a matching Message Object, the Acceptance Filtering unit is loaded with the arbitration bits 
from the CAN Core shift register. Then the arbitration and mask fields (including MSGVAL, UMASK, NEWDAT, and EOB) of 
Message Object 1 are loaded into the Acceptance Filtering unit and compared with the arbitration field from the shift register. 
This is repeated with each following Message Object until a matching Message Object is found or until the end of the Mes- 
sage RAM is reached. 


If a match occurs, the scanning is stopped and the Message Handler FSM proceeds depending on the type of frame (Data 
Frame or Remote Frame) received. 
Reception of Data Frame 


The Message Handler FSM stores the message from the CAN Core shift register into the respective Message Object in the 
Message RAM. Not only the data bytes, but all arbitration bits and the Data Length Code are stored into the corresponding 
Message Object. This is implemented to keep the data bytes connected with the identifier even if arbitration mask registers 
are used. 


The NEWDAT bit is set to indicate that new data (not yet seen by the CPU) has been received. The CPU should reset NEW- 
DAT when it reads the Message Object. If at the time of the reception the NEWDAT bit was already set, MSGLST is set to 
indicate that the previous data (supposedly not seen by the CPU) is lost. If the RXIE bit is set, the INTPND bit is set, causing 
the Interrupt Register to point to this Message Object. 


The TXRQST bit of this Message Object is reset to prevent the transmission of a Remote Frame, while the requested Data 
Frame has just been received. 

Reception of Remote Frame 

When a Remote Frame is received, three different configurations of the matching Message Object have to be considered: 

1) DIR = ‘1’ (direction = transmit), RMTEN = ‘1’, UMASK = ‘1’ or ’0’ 


At the reception of a matching Remote Frame, the TXRQST bit of this Message Object is set. The rest of the Message Object 
remains unchanged. 


2) DIR = ‘1’ (direction = transmit), RMTEN = ‘0’, UMASK = ’0’ 


At the reception of a matching Remote Frame, the TXRQST bit of this Message Object remains unchanged; the Remote 
Frame is ignored. 


3) DIR = ‘1’ (direction = transmit), RMTEN = ‘0’", UMASK = ’1’ 


At the reception of a matching Remote Frame, the TXRQST bit of this Message Object is reset. The arbitration and control 
field (Identifier + IDE + RTR + DLC) from the shift register is stored into the Message Object in the Message RAM and the 
NEWDAT bit of this Message Object is set. The data field of the Message Object remains unchanged; the Remote Frame is 
treated similar to a received Data Frame. 


Receive / Transmit Priority 


The receive/transmit priority for the Message Objects is attached to the message number. Message Object 1 has the highest 
priority, while Message Object 32 (the highest implemented message object number) has the lowest priority. If more than one 
transmission request is pending, they are serviced due to the priority of the corresponding Message Object. 


Configuration of a Transmit Object 


Figure 22-23 shows how a Transmit Object should be initialised. 


Figure 22-23. Initialisation of a Transmit Object 


MSGVAL DATA MASK | cos | IR | NEWDAT MSGLST RXIE TXIE INTPND RMTEN TXRQST 
ES 


ei ae a eae | ee _| 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 491 


Sz CYPRESS 


CAN Controller “a” «= EMBEDDED IN TOMORROW 


The Arbitration Registers (ID28-0 and XTD bit) are given by the application. They define the identifier and type of the outgoing 
message. If an 11-bit Identifier (“Standard Frame’) is used, it is programmed to ID28 - ID18, ID17 - IDO can then be disre- 
garded. 


If the TXIE bit is set, the INTPND bit will be set after a successful transmission of the Message Object. 


If the RMTEN bit is set, a matching received Remote Frame will cause the TXRQST bit to be set; the Remote Frame will 
autonomously be answered by a Data Frame. 


The Data Registers (DLC3-0, Data0-7) are given by the application, TXRQST and RMTEN may not be set before the data is 
valid. 


The Mask Registers (MSK28-0, UMASK, MXTD, and MDIR bits) may be used (UMASK = "1") to allow groups of Remote 
Frames with similar identifiers to set the TXRQST bit. For details see section Transmission of Messages on page 490. Handle 
with care. The DIR bit should not be masked. 


Updating a Transmit Object 

The CPU may update the data bytes of a Transmit Object any time via the IFx Interface registers, neither MSGVAL nor 
TXRQST have to be reset before the update. 

Note: 


When the lowest priority message buffer is used for transmission, setting TXRQST = "0" may cause a delay of transmission, 
when TXRQST is set to "1" again. Please refer to the note at the description of TXRQST in section 22.8.2 Transmission 
Request Registers (TREQR1n, TREQR2n). 


Even if only a part of the data bytes are to be updated, all four bytes of the corresponding IFx Data A Register or IFx Data B 
Register have to be valid before the content of that register is transferred to the Message Object. Either the CPU has to write 
all four bytes into the IFx Data Register or the Message Object is transferred to the IFx Data Register before the CPU writes 
the new data bytes. 


When only the (eight) data bytes are updated, first 0x0087 is written to the Command Mask Register and then the number of 
the Message Object is written to the Command Request Register, concurrently updating the data bytes and setting TXRQST. 


To prevent the reset of TXRQST at the end of a transmission that may already be in progress while the data is updated, 
NEWDAT has to be set together with TXRQST. For details see section Transmission of Messages on page 490. 


When NEWDAT is set together with TXRQST, NEWDAT will be reset as soon as the new transmission has started. 


Configuration of a Receive Object 
Figure 22-24 shows how a Receive Object should be initialised. 


Figure 22-24. Initialisation of a Receive Object 


MSGVAL DATA MASK | cos | oR | NEWDAT MSGLST RXIE TXIE INTPND RMTEN TXRQST 


ae ae ot ee] ee oe ee fe 


The Arbitration Registers (ID28-0 and XTD bit) are given by the application. They define the identifier and type of accepted 
received messages. If an 11-bit Identifier (“Standard Frame”) is used, it is programmed to ID28 - ID18, ID17 - IDO can then be 
disregarded. When a Data Frame with an 11-bit Identifier is received, |D17 - IDO will be set to ‘0’. 


If the RXIE bit is set, the INTPND bit will be set when a received Data Frame is accepted and stored in the Message Object. 


The Data Length Code (DLC3-0) is given by the application. When the Message Handler stores a Data Frame in the Mes- 
sage Object, it will store the received Data Length Code and eight data bytes. If the Data Length Code is less than 8, the 
remaining bytes of the Message Object will be overwritten by non specified values. 
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The Mask Registers (MSK28-0, UMASK, MXTD, and MDIR bits) may be used (UMASK = "1") to allow groups of Data Frames 
with similar identifiers to be accepted. For details see section Reception of Data Frame on page 491. The DIR bit should not 
be masked in typical applications. 


Handling of Received Messages 


The CPU may read a received message any time via the IFx Interface registers, the data consistency is guaranteed by the 
Message Handler state machine. 


Typically the CPU will write first OxO007F to the Command Mask Register and then the number of the Message Object to the 
Command Request Register. That combination will transfer the whole received message from the Message RAM into the 
Message Buffer Register. Additionally, the bits NEWDAT and INTPND are cleared in the Message RAM (not in the Message 
Buffer). 


If the Message Object uses masks for acceptance filtering, the arbitration bits show which of the matching messages has 
been received. 


The actual value of NEWDAT shows whether a new message has been received since last time this Message Object was 
read. The actual value of MSGLST shows whether more than one message has been received since last time this Message 
Object was read. MSGLST will not be automatically reset. 


By means of a Remote Frame, the CPU may request another CAN node to provide new data for a receive object. Setting the 
TXRQST bit of a receive object will cause the transmission of a Remote Frame with the receive object's identifier. This 
Remote Frame triggers the other CAN node to start the transmission of the matching Data Frame. If the matching Data Frame 
is received before the Remote Frame could be transmitted, the TXRQST bit is automatically reset. 


Configuration of a FIFO Buffer 


With the exception of the EOB bit, the configuration of Receive Objects belonging to a FIFO Buffer is the same as the config- 
uration of a (single) Receive Object, see section Configuration of a Receive Object on page 492. 


To concatenate two or more Message Objects into a FIFO Buffer, the identifiers and masks (if used) of these Message 
Objects have to be programmed to matching values. Due to the implicit priority of the Message Objects, the Message Object 
with the lowest number will be the first Message Object of the FIFO Buffer. The EOB bit of all Message Objects of a FIFO Buf- 
fer except the last have to be programmed to zero. The EOB bit of the last Message Object of a FIFO Buffer is set to one, 
configuring it as the End of the Block. 


Reading from a FIFO Buffer 


When the CPU transfers the contents of Message Object to the IFx Message Buffer registers by writing its number to the IFx 
Command Request Register, the corresponding Command Mask Register should be programmed the way that bits NEWDAT 
and INTPND are reset to zero (TXRQST = ‘1’ and CIP = ‘1’). The values of these bits in the Message Control Register always 
reflect the status before resetting the bits. 


To assure the correct function of a FIFO Buffer, the CPU should read out the Message Objects starting at the FIFO Object 
with the lowest message number. Figure 22-25 shows how a set of Message Objects which are concatenated to a FIFO Buf- 
fer can be handled by the CPU. 


Figure 22-25. CPU Handling of a FIFO Buffer 
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Message Interrupt 


Read Interrupt Pointer 


Y 


| case Interrupt Pointer | 
0x8000h else 0x0000h 


MessageNum = Interrupt Pointer 


Write MessageNum to IFx Command Request 


(Read Message to IFx Registers, 
Reset NewDat = 0, 
Reset IntPnd = 0) 


Y 


Read IFx Message Control 


Read Data from IFx Data A,B 


MessageNum = MessageNum + 1 
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Handling of Interrupts 


If several interrupts are pending, the CAN Interrupt Register will point to the pending interrupt with the highest priority, disre- 
garding their chronological order. An interrupt remains pending until the CPU has cleared it. 


The Status Interrupt has the highest priority. Among the message interrupts, the Message Object’s interrupt priority 
decreases with increasing message number. 


A message interrupt is cleared by clearing the Message Object’s INTPND bit. The Status Interrupt is cleared by reading the 
Status Register. 


The interrupt identifier INTID in the Interrupt Register INTRn indicates the cause of the interrupt. When no interrupt is pend- 
ing, the register will hold the value zero. If the value of the Interrupt Register is different from zero, then there is an interrupt 
pending and, if IE is set, the interrupt line to the CPU is active. The interrupt line remains active until the Interrupt Register is 
back to value zero (the cause of the interrupt is reset) or until IE is reset. 


The value 0x8000 indicates that an interrupt is pending because the CAN Core has updated (not necessarily changed) the 
Status Register (Error Interrupt or Status Interrupt). This interrupt has the highest priority. The CPU can update (reset) the 
status bits RXOK, TXOK and LEC, but a write access of the CPU to the Status Register can never generate or reset an inter- 
rupt. 


All other values indicate that the source of the interrupt is one of the Message Objects, INTID points to the pending message 
interrupt with the highest interrupt priority. 


The CPU controls whether a change of the Status Register may cause an interrupt (bits EIE and SIE in the CAN Control Reg- 
ister) and whether the interrupt line becomes active when the Interrupt Register is different from zero (bit IE in the CAN Con- 
trol Register). The Interrupt Register will be updated even when IE is reset. 


The CPU has two possibilities to follow the source of a message interrupt. First it can follow the INTID in the Interrupt Register 
and second it can poll the Interrupt Pending Register (see section 22.8 Message Handler Registers). 


An interrupt service routine reading the message that is the source of the interrupt may read the message and reset the Mes- 
sage Object’s INTPND at the same time (bit CIP in the Command Mask Register IFxCMSKn). When INTPND is cleared, the 
Interrupt Register will point to the next Message Object with a pending interrupt. 


Bit Time and Bit Rate 


CAN supports bit rates in the range of lower than 1kBit/s up to 1000kBit/s. Each member of the CAN network has its own 
clock generator, usually a quartz oscillator. The timing parameter of the bit time (i.e. the reciprocal of the bit rate) can be con- 
figured individually for each CAN node, creating a common bit rate even though the CAN nodes’ oscillator periods (fosc) may 
be different. 


The frequencies of these oscillators are not absolutely stable, small variations are caused by changes in temperature or volt- 
age and by deteriorating components. As long as the variations remain inside a specific oscillator tolerance range (df), the 
CAN nodes are able to compensate for the different bit rates by resynchronising to the bit stream. 


According to the CAN specification, the bit time is divided into four segments (see Figure 22-26). The Synchronisation Seg- 
ment, the Propagation Time Segment, the Phase Buffer Segment 1, and the Phase Buffer Segment 2. Each segment con- 
sists of a specific, programmable number of time quanta (see Table 1). The length of the time quantum (tq) , which is the 
basic time unit of the bit time, is defined by the CAN controller’s system clock fsys and the Baud Rate Prescaler (BRP) : tq = 
BRP / fsys. The CAN’s system clock fsys is the frequency of its CAN_CLK input. 


The Synchronisation Segment Sync_Seg is that part of the bit time where edges of the CAN bus level are expected to occur; 
the distance between an edge that occurs outside of Sync_Seg and the Sync_Seg is called the phase error of that edge. The 
Propagation Time Segment Prop_Seg is intended to compensate for the physical delay times within the CAN network. The 
Phase Buffer Segments Phase_Seg1 and Phase_Seg2 surround the Sample Point. The (Re-)Synchronisation Jump Width 
(SJW) defines how far a resynchronisation may move the Sample Point inside the limits defined by the Phase Buffer Seg- 
ments to compensate for edge phase errors. 
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Figure 22-26. Bit Timing 


Nominal CAN Bit Tine 


SS XX¥99 MW 


Sync_ Prop_Seg Phase_Seg1 Phase_Seg2 
Seg 


1 Time Quantum 


(ty ) Sample Point 


Table 22-8. Parameters of the CAN Bit Time 


‘tq 
[1.8] a 


Phase_Seg1 [1..8] tq may be lengthened temporarily by synchronisation 
Phase_Seg2 [1..8] tq may be shortened temporarily by synchronisation 
[1..4] tq may not be longer than either Phase Buffer Segment 


Note 

This table describes the minimum programmable ranges required by the CAN protocol. 
As described earlier in this chapter for BTRn register fields, programming is as follow: 
Prop_Seg + Phase_Seg1 = TSEG1 value +1 

Phase_Seg2 = TSEG2 value + 1 
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This chapter describes the functions and operations of the clock output function. 
23.1 Overview of the Clock Output Function 


23.2 Clock Output Configuration and Activation Registers 
23.3 Operation of the Clock Output Function 


23.1 Overview of the Clock Output Function 


The clock output function can be used to output up to two internal clocks to the four clock output pins CKOT0/CKOTXO and 
CKOT1/CKOTX1 (one non-inverted and one inverted output pin for each clock). The clocks can be output directly or divided 
with the internal clock divider. 


Block Diagram of the Clock Output Function (one channel) 


SEL[3:0] 


CLKRC an 2 OECKX 
CLKMC _ ———» 
CLKSC ——>| 


es 
on > DIV[2:0] © RUNC CKOTX 


CLKS1 ——> \ J ne 


CLKS2 ———> Clock divider with OECK 
CLKB ———> synchronized ++ 
CLKP1 ———> start/stop 
CLKP2 ——>) 
CLKP3 ——) 
CLKVCO ——| RUNM Fe 
CLKPLLFB ==" 


CKOT 


For the definition of the clocks that can be selected, see Clocks on page 119. 


CLKP3 is not available for all devices. Please refer to the datasheet of your device. 


23.2 Clock Output Configuration and Activation Registers 


The Clock Output Configuration Register (COCR) selects the output clock and controls the clock divider. The COCRO register 
controls the CKOT0/CKOTXO output clock and the COCR1 register controls the CKOT1/CKOTX1 output clock. 


The Clock Output Activation Register (COAR) enables the CKOTO, CKOTX0, CKOT1 and CKOTX1 output pins and synchro- 
nously starts and stops the selected clocks. 
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Clock Output Configuration Register (COCR) 
Figure 23-1. Clock Output Configuration Register (COCR) 


Address: 


COCR1: 000417, 
COCRO: 000416, 


R/W 


15/7 14/6 13/5 12/4 11/3 


8/0 


10/2 9/t 


R/W R/W R/W RW RW RWW R/W 


bit11/3  bit10/2 


Initial value 


PE 
Ws 


X0000000, 


bit9/1 —_bit8/0 


Clock Select bits 


No clock 
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CLKRC (RC clock) 


CLKMC (Main clock) 


CLKSC (Sub clock) 


CLKPLL (PLL output clock) 
CLKMOD (Modulated PLL clock) 


CLKS1 (System clock 1) 


CLKS2 (System clock 2) 


CLKB (Bus clock) 


CLKP1 (Peripheral clock 1) 


CLKP2 (Peripheral clock 2) 


CLKVCO (VCO clock of PLL) 


CLKPLLFB (PLL feedback clock) 
CLKP3 (Peripheral clock 3) * 


reserved 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


=![-=/}/a2;/Alolololo/=-/;-|=a};-A/ololo 


bit14/6 


DIVv2 


Output clock is not divided 
0 Output clock is divided by 2 


=lolalol/A|lolAalol/=a|lo}l|Aasf[o/-a|o/a 


bit13/5  bit12/4 


DIV1 DIVO 


reserved 


Clock Division bits 


Output clock is divided by 4 


Output clock is divided by 8 


Output clock is divided by 16 


Output clock is divided by 32 


Output clock is divided by 64 


bit15/7 


: Readable and writable 


: Initial value 


1 
0 
1 
0 
1 
0 
1 


Output clock is divided by 128 


0 Always write "0" to this bit 


*CLKP3 is not available for all devices. Please refer to the datasheet of your device. 
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Table 23-1. Function Description of Each Bit of the Clock Output Configuration Register (COCRO/1) 


Bitmame motion 


¢ These bits select which clock is output to the CKOTO/1 pins according to the following 
table: 


bit11/3 bit10/2 bit9/1 _—bit8/O 
Clock Select bits 


No clock 

CLKRC (RC clock) 

CLKMC (Main clock) 

CLKSC (Sub clock) 

CLKPLL (PLL output clock) 
CLKMOD (Modulated PLL clock) 
CLKS1 (System clock 1) 

CLKS2 (System clock 2) 

CLKB (Bus clock) 

CLKP1 (Peripheral clock 1) 
CLKP2 (Peripheral clock 2) 
CLKVCO (VCO clock of PLL) 
CLKPLLFB (PLL feedback clock) 
CLKP3 (Peripheral clock 3) * 
reserved 


bit O - bit 3/ | SELO to SEL3: 
bit 8 - bit 11 | Clock Select bits 


=af/a}laslaslafalalalololololololo 


=/a}lalalolololo;/Aaf[Aa}l|AalAalolo|lo 
=lol-a|lol/Aalo|A|lo;l/Aalo}|/-A|o;/Aalo]ja 


reserved 


Any reset initializes these bits to "0000" (no clock is selected). 
If the setting of these bits is changed while the clock output function is active 
(corresponding RUNC and OE bits set to "1"), a spike can be output. 


* CLKP3 is not available for all devices. Please refer to the datasheet of your device. 


These bits configure the clock output divider according to the following table: 
bit14/6 bit13/5_ bit12/4 


Div2 DIV1 DIVO Clock Division bits 


Output clock is not divided 
0 Output clock is divided by 2 
Output clock is divided by 4 


0 1 

1 0 

1 1 Output clock is divided by 8 
0 0 Output clock is divided by 16 
0 1 

1 0 

1 1 


bit 4 - bit6/ | Divo to Div2: 
bit 12 - bit 0 
1 
1 
1 


14 Clock Division bits 


Output clock is divided by 32 


Output clock is divided by 64 
1 Output clock is divided by 128 


Any reset initializes these bits to "000" (Output clock not divided). 
If the setting of these bits is changed while the clock output function is active 
(corresponding RUNC and OE bits set to "1"), a spike can be output. 


Always write "0" to this bit. 
bit 7 / bit 15 | Reserved The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 
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Clock Output Activation Register (COAR) 


Figure 23-2. Clock Output Activation Register (COAR) 


Address: me 


R /W R/W R/W 


11 


R 


13 12 
R 


U 
R 


10 9 8 beg 

Initial value 
Jw R/W R/IW 

bit8 


CKOEO Clock Output Enable bit for CKOTO pin 


1 
bit9 


1 
bit10 


1 
bit11 


1 
bit12 


1 
bit13 


1 
bit14 


1 
bit15 


x : undefined value 
R : Read only (writing is ignored) 
R/W : Readable and writable 


[| : Initial value 


1 CKOT1/CKOTX1 clock is active 


KOXEO Clock Output Enable bit for CKOTXO pin 


RUNCO Clock Run Control bit channel 0 


RUNMO Clock Run Monitor bit channel 0 


CKOE1 Clock Output Enable bit for CKOT1 pin 


KOXE1 Clock Output Enable bit for CKOTX1 pin 


RUNC1 Clock Run Control bit channel 1 


RUNM1 Clock Run Monitor bit channel 1 
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CKOTO clock output is disabled 
CKOTO clock output is enabled 


CKOTX0 clock output is disabled 


CKOTX0O clock output is enabled 


Stops the CKOTO/CKOTXO clock 
Starts the CKOTO/CKOTXO clock 


CKOTO/CKOTXO clock is stopped 
CKOTO/CKOTX0O clock is active 


CKOT1 clock output is disabled 
CKOT1 clock output is enabled 


CKOTX1 clock output is disabled 
CKOTX1 clock output is enabled 


Stops the CKOT1/CKOTX1 clock 
Starts the CKOT1/CKOTX1 clock 


CKOT1/CKOTX1 clock is stopped 
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Clock Output Function 


Table 23-2. Function Description of Each Bit of the Clock Output Activation Register (COAR) (Sheet 1 of 2) 


pS itmame neti 


CKOEO 


Clock Output Enable bit for 
CKOTO pin 


CKOXEO 


Clock Output Enable bit for 
CKOTXO pin 


RUNCO 


Clock Run Control bit chan- 


nel 0 


RUNMO 


Clock Run Monitor bit chan- 


nel 0 


CKOE1 


Clock Output Enable bit for 
CKOT1 pin 


CKOXE1 


Clock Output Enable bit for 
CKOTX1 pin 


This bit controls the resource output enable of the direct clock output function. 
Writing "1" to this bit enables the CKOTO output pin. Do not enable any other resource 
output shared with the CKOTO pin when setting this bit to "1". 

Setting this bit to "0" disables the clock output (initial value). 

A read access returns the bit setting. 

If the setting of this bit is changed while the RUNM0O bit is "1", a spike can be output. 


This bit controls the resource output enable of the inverted clock output function. 
Writing "1" to this bit enables the CKOTX0O output pin. Do not enable any other 
resource output shared with the CKOTXO pin when setting this bit to "1". 

Setting this bit to "0" disables the clock output (initial value). 

A read access returns the bit setting. 

If the setting of this bit is changed while the RUNM0O bit is "1", a spike can be output. 


This bit controls the synchronous start/stop function of the CKOTO/CKOTXO0 clock 
outputs. 

Setting this bit to "1" starts the clock outputs and writing "0" stops the clock outputs. 
This bit is initialized to "0" by any reset (clock outputs stopped). 

The RUNCO and the CKOEO0 and/or CKOXEO bits must be set to "1" in order to output 
the selected clock at the CKOTO and/or CKOTX0 pins. 

The RUNCO bit can be written at any time. However the starting and stopping takes 
some clock cycles and is performed only when the selected clock is active. 

A read access returns the setting of this control bit. Use the RUNMO monitor bit to 
check if the synchronized starting/stopping has finished. 


Reading this bit returns the status of the start/stop synchronization circuit and indicates 
if starting/stopping the clock output has finished. 

Reading "1" means that the CKOT0O/CKOTX0 clock output is started. 

Reading "0" means that the CKOT0/CKOTX0 clock output is stopped (the CKOTO pin 
outputs a low level and the CKOTXO pin outputs a high level). 

Writing to this bit has no effect. 


This bit controls the resource output enable of the direct clock output function. 
Writing "1" to this bit enables the CKOT1 output pin. Do not enable any other resource 
output shared with the CKOT1 pin when setting this bit to "1". 

Setting this bit to "0" disables the clock output (initial value). 

A read access returns the bit setting. 

If the setting of this bit is changed while the RUNM1 bit is "1", a spike can be output. 


This bit controls the resource output enable of the inverted clock output function. 
Writing "1" to this bit enables the CKOTX1 output pin. Do not enable any other 
resource output shared with the CKOTX1 pin when setting this bit to "1". 

Setting this bit to "0" disables the clock output (initial value). 

A read access returns the bit setting. 

If the setting of this bit is changed while the RUNM1 bit is "1", a spike can be output. 
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Table 23-2. Function Description of Each Bit of the Clock Output Activation Register (COAR) (Sheet 2 of 2) 


pS Bitmame notion 

This bit controls the synchronous start/stop function of the CKOT1/CKOTX1 clock 
outputs. 
Setting this bit to "1" starts the clock outputs and writing "0" stops the clock outputs. 
This bit is initialized to "0" by any reset (clock outputs stopped). 

ne . The RUNCI and the CKOE1 and/or CKOXEI bits must be set to "1" in order to output 

wags Run Gontrolbitehan- | the selected clock at the CKOT1 and/or CKOTX1 pins. 
The RUNC1 bit can be written at any time. However the starting and stopping takes 
some clock cycles and is performed only when the selected clock is active. 


A read access returns the setting of this control bit. Use the RUNM1 monitor bit to 
check if the synchronized starting/stopping has finished. 


Reading this bit returns the status of the start/stop synchronization circuit and indicates 
if starting/stopping the clock has finished. 
pe Reading "1" means that the CKOT1/CKOTX1 clock output is started. 
Clock Run Monitor bit chan- San : ‘ 
nél 4 Reading "0" means that the CKOT1/CKOTX1 clock output is stopped (the CKOT1 pin 
outputs a low level and the CKOTX1 pin outputs a high level). 
Writing to this bit has no effect. 


23.3 Operation of the Clock Output Function 


The clock output function can be used to output two independent clocks at the CKOT0/CKOTX0 and CKOT1/CKOTX1 output 
pins. The clocks can be activated and deactivated synchronously. 


Activating the clock output function 


Activate the clock output function for the CKOT0/CKOTX0 and CKOT1/CKOTX1 pins as follows: 

m Configure the corresponding COCR register by selecting the requested clock and division value. 

m Enable the CKOT and/or CKOTX output pin by setting the corresponding output enable bit to "1". The start bit RUNC 
should be set to "1" at the same time or after setting the output enable. 

The CKOT pins output "0" and the CKOTX pins output "1" directly after activating the output enable. 


After setting the RUNC start bit to "1", the synchronization circuit is activated and starts outputting the selected clock at the 
corresponding CKOT/CKOTX pins. Reading the RUNM bit now as "0" indicates that the output clock is not yet started (syn- 
chronization mechanism is still in effect) and reading "1" means that the output clock is started. 


Disabling the clock output function 


Disable the clock output function as follows: 


m Stop the clock output by setting the RUNC bit to "0". This stopping is done by using the synchronization circuit. Confirm 
that the clock is actually stopped by reading the RUNM bit (set to "0"). 


m When the clock is stopped, it is allowed to change the configuration of the COCR register or to disable the resource output 
by setting the output enable bit to "0". 

The output value at the CKOT/CKOTX pins after stopping the clock is again "0" for the CKOT pins and "1" for the CKOTX 

pins. 


The synchronization circuit for starting/stopping the output clock needs an active source clock. If the source clock selected by 
the SEL[3:0] bits is disabled, then the status of the output clock cannot be changed. Setting the RUNC bit to another value is 
possible, however the RUNM monitor bit will not change its value. 


Changing the Clock Output Configuration Register contents 


The COCR register should only be written if the corresponding clock output is stopped (RUNM is "0"). Otherwise a spike can 
be output. 
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This chapter explains the functions and operations of the Real Time Clock. 
24.1 Outline of Real Time Clock 


24.2 Real Time Clock Registers 
24.3 Operation 
24.4 Cautions 


24.1 Outline of Real Time Clock 


The Real Time Clock consists of the Timer Control register, Sub-second register, Second/Minute/Hour registers, 1/2 clock 
divider, 21-bit prescaler and Second/Minute/Hour counters. 


Real Time Clock (RTC) continues to count elapsed time even in the timer mode to provide the current real time (HH/MM/SS) 
based on main oscillation (4MHz), sub oscillation (82kHz) or RC oscillation (~100kHz/~2MHz). This allows precise time 
counting without a return from an interrupt during stand by periods. 


Features of Real Time Clock 


m= = Information: Time count (HH/MM/SS). (This clock continues to operate even in Timer Mode.) 

= Operational on main oscillation (4MHz), sub oscillation (832kHz) or RC oscillation (~100kHz or ~2MHz) 
m Time unit: Selected clock divided by 2 

m Operation clock: 

oq For register access: CLKP1 

For time count: Main-clock (CLKMC), Sub-clock (CLKSC) or RC clock (CLKRC) 

Time: Initial setting and adjustment are possible. 


Interrupt: Interrupts can be generated at any of the five intervals: 1 half-second, 1 second, 1 minute, 1 hour and 1 day. 
m Others: By changing the value of the sub-second register, interrupts can be generated at any interval (from short to long). 
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Block diagram of Real Time Clock 
Figure 24-1. 
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Block diagram of Real Time Clock 
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Figure 24-2. Configuration diagram 
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24.2 


The Real Time Clock has the following seven registers: 
Timer Control Register (WTCR) 

Timer Control Extended Register (WTCER) 

Clock Select Register (WTCKSR) 

Subsecond Register (WTBR) 

Second Register (WTSR) 

Minute Register (WTMR) 

Hour Register (WTHR) 


Real Time Clock Registers 


Real Time Clock registers 


Figure 24-3. Real Time Clock registers 


Real Time Clock 


Timer control register 
15 14 13 12 11 10 9 8 


‘A 6 5 


4 3 2 1 0 


[nres] INT3 |INTE2} INT2{INTE1] INT14 iNTEO| INTO] 


| RUN [uPot OE |} ST 


R/W R/W R/W R/W R/W RW R/W R/W 
Initial value: 0 0 0 0 0 0 0 0 


Timer control extended register 


Clock select register 
15 14 13 10 9 8 


12 11 
ee 
- - 7 - : R/W R/W 
Initial value: X X X x x Xx 0 0 


Sub-second register (0) 
15 1 


13 12 11 10 9 8 


R/W R/W RW R/W R/W RW RW R/W 


Second register/ 
Sub-second register (1) 


R/W R/W R/W 


R RW R/W R/W 


Initial value: 


xX xX xX xX 0 0 0 0 
7 6 5 4 3 2 4 0 
- Pama : - - |INTE4) INT4 
: - : : RW RW 
xX xX xX xX xX xX 0 0 
WTCKSR 


7 6 5 


R/W R/W R/W 


4 3 2 1 0 


4 
sa [ow]oe [on [oo] os | oe] [oro [oe To [om [oe [o [ oo] 


RW R/W RW RWW R/W 


Hour Register/ 
Minute Register 


- RW RW RW RW R/W 
Initial value: =X X xX 0 0 0 0 0 


R/W_ : Readable and writable 


R___: Read only. Write has no effect. 
: Undefined 
X  : Undefined value 


Initial value: =X x x x x x x Xx Xx Xx x xX x x Xx Xx 
WTSR WTBR (1) 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
| - | $5 S4 S3 | S2 | $1 so | | - - - [ p20 D19 | D18 D17 | D18 
R/W R/W R/W R/W R/W R/W - R/W R/W R/W RW R/W 
Initial value: =X Xx 0 0 0 0 0 0 x x Xx x x Xx Xx Xx 
WTHR WTMR 
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 
- - H4 H3 H2 H1 HO - - M5 M4 M3 M2 M1 MO 


- - R/W RW RWW R/W RW R/W 


X X 0 


0 0 0 0 0 


WTCR 


WTCER 


WTBR (0) 
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Note: 

WTCR, WTCER, WTCKSR are initialized by all reset causes except unused and reserved bits. 

WTBR is not reset. 

WTSR, WTMR, WTHR are initialized only by the Power-on reset, Low-voltage reset and external resets and not by any other 
reset, except for unused bits. 

24.2.1. Timer Control Registers 


The timer control registers start and stop the Real Time Clock, control interrupts, and set the external output pins. 


24.2.1.1_ Timer Control Register (WTCR) 
Figure 24-4. Timer Control Register (WTCR) 


Timer Control Register 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
[inTes| INT3 |INTE2} INT2 [ines] INT1 iNTEO| INTO | Fesoed eso = | RUN|UPDT OE |} ST WTCR 
R/W R/W RW R/W RWW RW R/W R/W R/W R/W R/W - R RW RW R/W 
Initial value: © 0 0 0 0 0 0 0 x Xx X X 0 0 0 0 


R/W : Readable and writable 
- : Undefined 
X_ : Undefined value 


Note: 


WTCR is initialized by all reset causes except for reserved or unused bits. 


bit15: Enable interrupt requests at 1-day intervals 


When the hour counter overflows, this flag is set to “1”. 


fee =] No interrupt requests 


Generate interrupt requests at 1-day (24 hour) intervals. 


bit14: 1-day interrupt request flag 


Status 
INT3 
| oo No interrupt requests Clear the flag. 


Generate interrupt requests at 1-day (24 hour) | Writing does not affect the operation. 
intervals. 


bit13: Enable interrupt requests at 1-hour intervals 


When the minute counter overflows, this flag is set to “1”. 


a No interrupt requests 


Generate interrupt requests at 1-hour intervals. 
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bit12: 1-hour interrupt request flag 


Status 


INT2 


| oo No interrupt requests Clear the flag. 
Generate interrupt requests at 1-hour intervals. | Writing does not affect the operation. 


bit11: Enable interrupt requests at 1-minute intervals 


When the minute counter overflows, this flag is set to “1”. 


| oo | No interrupt requests 
Generate interrupt requests at 1-minute intervals. 


bit10: 1-minute interrupt request flag 


Operation 
| oo No interrupt requests Clear the flag. 


Generate interrupt requests at 1-minute Writing does not affect the operation. 
intervals. 


bit9: Enable interrupt requests at 1-second intervals 


INT1 


When the 21 bit down counter is set to “O”, this flag is set to “1”. 


| oo | No interrupt requests 
Generate interrupt requests at 1-second intervals. 


bit8: 1-second interrupt request flag 


Status 
| oo | No interrupt requests Clear the flag. 


INTO 


Generate interrupt requests at 1-second Writing does not affect the operation. 
intervals. 


bit7-5: Reserved 


Always write “0”. The read value is undefined. Read-modify-write is not affected. 


bit4: Undefined 


Always write “0”. The read value is undefined. Read-modify-write is not affected. 
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bit3: Operation status 


| oo The Real-time Clock module is inactive. 


The Real-time Clock module is active. 


bit2: Update 


Before writing “1” to the update bit (UPDT), the hour/minute/second registers must be set to the values with which to update 
the hour/minute/second counters. The hour/minute/second registers are updated on reloading to the 21 bit down counter. 


UPDT Status/Operation 


| oo The update has been completed. (Writing “0” does not affect the operation.) 


4 Update the hour/minute/second counters with the values of the hour/minute/second registers, 
respectively. 


bit1: Output Enable 


Status/Operation 


po | The WOT external pin can be used as a general purpose I/O or for another peripheral 
block. 


The WOT external pin serves as the output for the 21-bit down counter. 


bitO: Start 


The Real-time Clock module stops to operate, and the 21 bit down counter and the hour/ 
minute/second counters are cleared. 


' The settings of the hour/minute/second registers are loaded to the hour/minute/second 
counters, and the Real-time Clock module starts to operate. 


Application Notes: 


The Sub-second register of the RTC module stores the reload value for the 21bit counter. This value is reloaded after the 
reload counter reaches "0". When modifying all three bytes, make sure the reload operation will not be performed in between 
the write instructions. Otherwise the 21-bit prescaler loads the incorrect value of the combination of new data and old data 
bytes. It is generally recommended that the Sub-Second register is updated while the ST bit is "0". 


However, if this update is done immediately after an RTC second interrupt, there should be enough time to securely modify 
the registers until the next reload operation (next second interrupt) even if ST is not set to "0" and the module is in operation. 


When updating the registers by using the ST bit the following must be taken into account: 


The new value is written into the registers with the rising edge of the RUN bit. This RUN bit is clocked by the RTC clock (main 
clock, sub-oscillator clock or RC clock depending on device and mode). To make sure that the update is done properly, write 
the new values into the registers, set ST to 0, wait for the RUN bit to go low and then start the circuit again by setting ST to 1. 
RUN will go low at the second rising edge of the RTC clock after ST has been set to 0. It will rise again at the half second ris- 
ing edge of RTC clock after ST has been set to 1. If this operation is to be done several times directly after each other, wait for 
RUN to go to high before setting ST to low again. 
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24.2.2 Timer Control Extended Register (WTCER) 
Figure 24-5. Timer Control Extended Register (WTCER) 


Timer Control Extended Register 


7 6 5 4 3 2 1 0 

TTT Ten] wrcer 
- = - 7 R/W R/W 

Initial value: X X X x xX X 0 0 


R/W : Readable and writable 
: Undefined 
X : Undefined value 


Note: 


WTCER is initialized by all reset causes except for unused bits. 


bit7-2: Undefined 


Writing does not affect the operation. The read value is undefined. Read-modify-write is not affected. 


bit1: Enable interrupt requests at half-second (500ms) intervals 


When the 21-bit counter overflows, this flag is set to “1”. 


| oo | No interrupt requests 


Generate interrupt requests at half-second (500 ms) intervals. 


bitO: half-second (500ms) interrupt request flag 


Status 
INT4 
| oo | No interrupt requests Clear the flag. 


‘ Generate interrupt requests at half-second Writing does not affect the operation. 
(500 ms) intervals. 
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24.2.3 Clock Select Register (WTCKSR) 


The Clock Select Register is used to select the clock source for Real Time Clock. 


Figure 24-6. Clock Select Register (WTCKSR) 


00 


WTCKSR 15 4 138 2 71 10 9 8 es Initial value 
PETE TCE 
_ - fs = - Rw R/W 
: : bit 9,8 


Main clock (CLKMC) used 
Sub clock (CLKSC) used 


PE 
Ws 


CKSEL{1:0] Real time clock clock select bit 


RC clock (CLKRC) used 


: Readable and writable 
: Write only 

: undefined value 

: undefined 


R/W 
Ww 
Ll : Initial value 


prohibited 
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Note: 


WTCKSR is initialized by all reset causes except for unused bits. 


Application Notes: 


When the setting of WTCKR:CKSEL/[1:0] shall be changed, the clock on which the Real time clock is 


currently running must stay enabled for at least 3 further cycles after change. Otherwise 


the Real time clock does not change to the new setting. The former clock can be switched 


off afterwards. 


Example: Real time clock shall be changed from Main clock to RC-Clock: 


Main clock oscillator is enabled after power on. Therefore is must be enabled when WTCKSR:CKSEL[1:0] is changed to ’RC 
clock’ by writing ’10’ to it. Otherwise RTC cannot switch to RC clock. The Main oscillator must stay enabled for at least three 


Main clock cycles after the write access to WTCKST:CKSEL]1:0]. 


24.2.4 | Sub-Second Register 


The Sub-Second Register stores a reload value for the 21-bit counter that divides the oscillation clock. The reload value is 
usually set so that the 21-bit counter will output exactly within a half second cycle. This register is not initialized by reset, but 


21-bit counter is initialized by reset. 
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24.2.4.1 | Sub-Second Register (WTBR) 
Figure 24-7. Sub-Second Register (WTBR) 


Sub-second register 


WTBRHO WTBRLO 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


D15 | D1i4 | D13 | D12 | D11 | D10} D9 | Ds D7 | D6 | D5 | D4 | D3 | D2 |} D1 | Do WTBRO 


R/W R/W RW RAW R/W RW RW R/W RW R/W R/W R/W RW RW R/W R/W 
Initial value: X X X X xX X xX xX X X X X X X X X 


7 6 5 4 3 2 1 0 


D20 [o19 | D1i8 | D17 | D18 WTBR1 


R/wW R/W R/W R/W R/W 
X X X X xX 


R/W : Readable and writable 
: Undefined 


Application Notes: 


The Sub-Second Registers, WTBR, holds values to be reloaded to the 21 bit down counter. When the 21 bit down counter 
value becomes “0”, the settings of WTBR are reloaded to the 21 bit down counter. 


Remark: The reload value to be set in the sub-second registers corresponds to the time for half a second. One second is 
reached after counting twice the reload value set in WTBR. 


Table 24-1. Example configuration of WTBR registers for different clock configurations 


ert WTBRHO WTBRLO 


24.2.5 Second/Minute/Hour Registers (WTSR, WTMR, WTHR) 


The Second/Minute/Hour registers store the time information. It is a binary representation of the second, minute and hour. 


Reading these registers simply returns the counter values. These registers are write accessible however, the written data is 
loaded in the counters after the UPDT bit is set to "1". These registers and counter are initialized by reset. 
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24.2.5.1. | Second/minute/hour registers 
Figure 24-8. Configuration of the second/minute/hour registers (WTSR, WTMR, WTHR) 


Second register 


S5 | S4 | S3 } S2] S1 So 


Rw RW R/W RWW RW RW 
Initial value: X X 0 0 0 0 0 0 


Hour Register/ 


Minute Register WTHR WTMR 
15 14. 13 12 il 10 9 8 7 6 5 4 3 2 1 0 
S = | = H4 H3 | H2 | H1 HO | | - - M5 | M4 | M3 M2 | M1 MO 
- R/W R/W RW RW R/W - - R/W R/W R/W R/W RW R/W 
Initial value: =X X X 0 0 0 0 0 X X 0 0 0 0 0 0 


R/W _ : Readable and writable 
R___: Read only. Write has no effect. 
- : Undefined 


Note: 


WTSR, WTMR, WTHR are initialized only by the Power-on reset, Low-voltage reset and external resets and not by any other 
reset except for unused bits. 


Application Notes: 
The values written to the hour/minute/second registers are the initial values to be loaded to the hour/minute/second counters. 


By setting “1” to the update bit (WTCR:UPDT) or the start bit (WTCR:ST), the hour/minute/second register values are written 
to the hour/minute/second counters. 


The hour/minute/second counter values are saved to the hour/minute/second registers every time when the second counter 
overflows, that is, at intervals of one minute. When the hour/minute/second counters are read, the saved count values, not 
written ones, are read. 


The hour/minute/second registers consist of two separate sets of registers: one for reading and the other for writing. The write 
registers get updated when CPU writes into the hour/minute/second registers. The read registers get updated values from the 
internal logic and these are the values available when CPU tries to read from the hour/minute/second registers anytime. 
Hence, if it is intented to stop and continue the realtime clock some time after it has been set, make sure to update the write 
registers with the most recent values of the read registers. 


Since there are three byte-registers, make sure the obtained values from the registers are consistent. 


For example, obtained value of "1 hour, 59 minute, 59 second” could be "1 hour, 59 minute, 59 second” or "1 hour, 0 minute, 
0 second" or "2 hour, 0 minute, 0 secona". 


Also when the CPU operation clock CLKB is a fraction of the Realtime clock’s operating clock, the read values from these 
registers may be inconsistent, because they change their value during the read operation. Therefore it is recommended to 
use the 1-second interrupt to trigger the read instructions, since after this interrupt these registers are not updated for 1 sec- 
ond. 


Do not write impossible data (e.g. 60 seconds) into the WTSR, WTMR or WTHR register. 
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24.3. Operation 


m This section describes the Real Time Clock operation. 


Real Time Clock operation 


Figure 24-9. Real Time Clock operation 
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1) The start bit (ST) is set to “1” and then “O”. (Register initialization operation) 


(1) 
(2) This (ST="0”) resets to 0 and stops the 21 bit down counter and the hour/minute/second timers. 

(3) The software writes hour, minute, and second values to the hour/minute/second registers, WTHR/WTMR/WTSR. 
(4) The software writes the appropriate values to the sub-second registers, WITBRLO/WTBRHO/WTBR1. 

( 

| 


5) The interrupt request bits (INTO, INT1, INT2, INT3 and INT4) are initialized, and the interrupt request enable bits (INTEO, 
NTE1, INTE2, INT3 and INTE4) are set to “interrupts enabled’. 


(6) The start bit (ST) is set to “1”. 


(7) This (ST=“1”) causes the values of the hour/minute/second registers, WTHR/WTMR/WTSR, to be loaded to the hour/min- 
ute/second timers. 


(8) The values of the sub-second registers, WTBRLO/WTBRHO/WTBR1, are loaded to the 21 bit down counter. 
(9) The run flag (RUN) is set to “1”. 


(10) The 21 bit down counter begins counting at the mainclock (CLKMC) divided by 2 (4/2 MHz), subclock (CLKSC) divided 
by 2 (32.768/2 KHz) or RC clock (CLKRC) divided by 2 (100/2 kHz or 2/2MHz). 


(11) When the 21 bit down counter reaches “OOOQ00H”, the value of the sub-second registers is loaded to the 21 bit down 
counter, generating a half-second interrupt request. Each second half-second interrupt a second interrupt will be generated. 


(12) When the second counter counts up to “59”, the counter is cleared next time when the counter counts up, at which the 
minute counter counts up, generating a 1-minute interrupt request. 


(13) When the minute counter counts up to “59”, the counter is cleared next time when the counter counts up, at which the 
hour counter counts up, generating a 1-hour interrupt request. 


(14) When the hour counter counts up to “23”, the counter is cleared next time when the counter counts up, at which a 1-day 
interrupt request is generated. 


(15) The software changes the state of the MCU to Timer Mode by setting the bits SMCR:SMS[1:0] to “10” (see section 
Standby Mode Control Register (SMCR) on page 192 for details). The Real-time Clock continues to operate in the Timer 
Mode. 


(16) The device recovers from Timer Mode mode (by interrupt request). 


(17) This (ST=“0”) resets and stops the 21 bit down counter and the hour/minute/second counters. 


24.4 Cautions 


This section describes the cautions to be considered while using the Real Time Clock 


24.4.1 Cautions 


= Setting the interrupt request flags (WTCR:INTO, WTCR:INT1, WTCR:INT2, WTCR:INT4 and WTCER:INT4) to “1” due to 
overflow, and writing “O” to that bit have occurred at the same time, the flag is set to “1” (Flag setting takes precedence). 

mg Writing “1” to the update bit (WTCR:UPDT) and update completion have occurred at the same time, the update bit (UPDT) 
is set to “O”. 

m When the second counter holds the value of 59, even if “1” is written to the update bit (WTCR:UPDT), the hour/minute/ 
second counters are not updated, leaving the update bit to remain “O”. 

In order to update the hour/minute/second counters, it is recommended that “O” should be written to the start bit 
(WTCR:ST), the hour/minute/second counters be cleared to “O”, and then “1” be written to the start bit (ST). 

m If you stop the peripheral clock (CLKP1) after updating the hour/minute/second counters using the update bit 
(WTCR:UPDT), read the hour/minute/second registers to confirm that they have been updated before stopping the 
peripheral clock CLKP1. 

m When you start to use the Real Time Clock module, change the start bit (ST) from “1” to “O”, and clear the hour/minute/ 
second counters and the 21 bit down counter to “O”. 
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m The Sub-second register of the RTC module stores the reload value for the 21bit prescaler. This value is reloaded after 
the reload counter reaches "0". When modifying all three bytes, make sure the reload operation will not be performed in 
between the write instructions. Otherwise the 21-bit prescaler loads the incorrect value of the combination of new data 
andolddata bytes. Itis generally recommended that the Sub-Second register is updated while the ST bitis "0". 


m However, if this update is done immediately after an RTC second interrupt there should be enough time to securely modify 
the registers until the next reload operation (next second interrupt) even if ST is not set to "0" and the module is in opera- 
tion. 


m When updating the registers by using the ST bit the following must be taken into account: The new value is written into the 
registers with the rising edge of the RUN bit. This RUN bit is clocked by the RTC clock (32 kHz, 100kHz, 2MHz or 4 MHz 
depending on device and mode). To make sure that the update is done properly, write the new values into the registers, 
set ST to 0, wait for the RUN bit to go low and then start the circuit again by setting ST to 1. RUN will go low at the second 
rising edge of the RTC clock after ST has been set to 0. It will rise again at the half second rising edge of RTC clock after 
ST has been set to 1. If this operation is to be done several times directly after each other, wait for RUN to go to high 
before setting ST to low again. 


m lf areload has occurred during updating the sub-second registers, WIBRLO, WTBRHO, WTBR1, an unexpected value 
may be reloaded to the 21 bit down counter. Therefore, it is recommended that the sub-second register, WTBR, should be 
updated with the start bit (WTCR:ST) set to “0”. 


m If all the sub-second registers, WTBRLO, WITBRHO, WTBR1, are set to “O”, the 21 bit down counter does not operate, 
resulting in the Real-time Clock module to be inoperational. 


m lf acarry has occurred during reading from the hour/minute/second registers, WITHR/WTMR/WTSR, inappropriate values 
may be read. To avoid this, it is recommended that interrupts (INTO-4) should be used to read time (HH/MM/SS). 


m In order for the Real Time Clock module to function properly, the frequency of the subclock (CLKSC) or the RC-clock 
(CLKRC) must be much lower than that of the peripheral clock (CLKP1). If not, correct values cannot be read from WTHR/ 
WTMR/WTSR. 


m= Note that only byte-access is allowed to these register. So, when these registers are read at the very timing of changing 
over the hour or minute boundary as shown below, there is a possibility of misjudging the time. So, read several times to 
get a logically consistent value. 


Example: Read begins at the second register: 02:59:59=> 03:59:59 => 03:00:00 
Read begins at the hour register: 02:59:59 => 02:00:00 => 03:00:00 


In this case, the current time should be interpreted as 3 o'clock. 
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This chapter explains the functions and operation of the Clock Calibration Unit 
25.1 Outline 


25.2 Register Description 
25.3 Application Notes 


25.1 Outline 


The Clock Calibration Module provides possibilities to calibrate the sub oscillator clock or the RC oscillator clock with respect 
to the main oscillator clock. This chapter gives an overview of the Clock Calibration Unit, describes the registers and provides 
some application notes. 


Description 


This hardware allows the software to measure time generated by the sub oscillator clock CLKSC or the RC oscillator clock 
CLKSC with the main oscillator clock CLKMC. 


By utilizing this hardware in conjunction with software processing, the accuracy of the sub oscillator clock or RC oscillator 
clock can come closer to that of the main oscillator clock. The measurement result from the Clock Calibration Unit can be pro- 
cessed by the software and the setting required for the Real Time Clock Module can be obtained. 


This module consists of two timers. The Duration Timer operates with the sub oscillator clock CLKSC or RC-clock CLKRC. 
The Calibration Timer operates with the main oscillator clock CLKMC. Typical values are 32kHz for CLKSC, 4MHz for 
CLKMC and 100kHz or 2MHz for CLKRC. The Duration Timer triggers the Calibration Timer and the resulting Calibration 
Timer value is stored into a register. The value stored in this register can be used for the subsequent software processing to 
calculate the desired Real Time Clock module’s setting. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 517 


CYPRESS 


EMBEDDED IN TOMORROW 


Fou 
we 


Clock Calibration Unit 


Block Diagram 


Figure 25-1. Block Diagram 
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Timing 


Figure 25-2. Timing of the measurement process 


CLKSC (32kHz) | | | 


STRT (CLKP1) 


STRTS (32 kHz) 


RUN (32 kHz) 


RUNS (4 MHz) 


32 kHz counter (16 bit) ‘GuTD \cuTp-1 \ 2 1 fi to CUTD 


4 MHz counter (24 bit) old CUTR AN AYMADMODNODR | new CUTR 


READY (32 kHz) ipl 


READYPULSE (CLKP1) 


INT (CLKP1) 


Clocks 


The module operates with 3 different clocks: The main oscillator clock CLKMC, the sub-clock CLKSC (or the RC clock 
CLKRC) and the peripheral clock CLKP1. For an overview about available clocks, please refer to Figure 6-1. Synchronization 
circuits adapt the different domains. 


All 3 clocks are gated. CLKSC (or CLKRC) and CLKMC clock are switched off if STRT is 0. CLKPG is gated by RSLEEP and 
CLKPG2 by RSLEEP and STRT for the 2 bits, which are set/reset by hardware. 


The clock frequencies have to fulfill the following requirements: 
m TeiksciciKrc > 2 X Tceikmc + 3 X Toikp1 
m Toixmc < 1/2 x Teikscycikrc - 3/2 x ToLKP1 


m™ Toikpi < 1/3 x Te_kscyctkrc - 2/3 X ToLKP4 


Table 25-1. Example of valid clock ratios which fulfill the requirements 


CLKSC CLKRC CLKMC CLKP1 
maximum operation speed | 100 kHz | 10 us 2 MHz 500 ns 10 MHz | 100 ns 50 MHz | 20ns 
normal operation 32 kHz 31.25 us 100 kHz |10us 4 MHz 250 ns >2 MHz |500 ns 
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25.2 Register Description 


This section lists the registers of the calibration unit and describes the function of each register in detail. 
25.2.1. Clock Calibration Unit registers 


CUTD [R/W] 


00000000 10000000 


CUTARI [R] 
00000000 


25.2.2 Clock Calibration Unit Control Register (CUCR) 
Control Register low byte 7 6 5 4 3 2 1 0 <= Bit no. 
RES - - |STRT| -  |CKSEL) INT |INTEN CUCR 


Read/write => (WO/R) (R) (R) (RW) (R) (RW) (RW) (RW) 
Default value=> (X) (0) (0) (0) (0) (0) (0) (0) 


The Clock Calibration Unit Control Register (CUCR) has the following functions: 
start / stop calibration measurement 
enable / disable interrupt 
indicates the end of the calibration measurement 


BIT[O]: INTEN - Interrupt enable 


fo | interrupt disabled (default) 


interrupt enabled 


This is the interrupt enable bit corresponding to the INT bit. When this bit is set to 1 and the INT bit is set by the hardware, the 
calibration module signals an interrupt to the CPU. The INT-bit itself is not affected by the INTEN bit and is set by hardware 
even if interrupts are disabled (INTEN=0). 


BIT[1]: INT - Interrupt 


fo calibration ongoing / module inactive (default) 


calibration completed 


This bit indicates the end of the calibration. When the Duration Timer reaches zero after the start of calibration, the Calibration 
Timer Data Register stores the last Calibration Timer value and the INT bit is set to 1. 


The read-modify-write operation to this bit results in reading 1. Writing 0 to this bit clears this flag (INT=0). Writing 1 to this bit 
has no effect. 


The interrupt flag INT is not reset by hardware. Therefore it must be reset by software before starting a new calibration. Oth- 
erwise the end of the calibration process is only signalized by the STRT bit (the INT flag stays 1 also during calibration). 


BIT[2]: CKSEL - Input clock select 


fo | use CLKSC (default) 


ise OLKRG 
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The RC-clock frequency depends on the setting of CKSCR:RCFS bit (RC-Oscillator frequency select). 


Devices with sub clock: If the Clock setting shall be changed, the clock which is currently selected must be active for at lease 
3 cycles if it was enabled at any time before. Otherwise the selected clock does not change to the new clock. 


BIT[4]: STRT - Calibration Start 


fo calibration stopped, module switched off (default) 


start calibration 


When the STRT bit is set to 1 by the software, the calibration starts. The Duration Timer starts counting down from the value 
stored in the Duration Timer Data Register CUTD and the Calibration starts counting up from zero. 


When the Duration Timer reaches zero, this bit is reset to 0 by the hardware. 


If 0 is written into this bit by the software during the calibration process, the calibration is immediately stopped. If writing 0 by 
the software and reset to 0 by the hardware happens at the same time, the hardware operation supersede the software oper- 
ation. This means the calibration is properly completed and the INT bit is set to “1”. Writing 1 to this bit during the calibration 
has no effect. 

BIT[7]: RES - Reserved bit 


Always write “0”. The read value is undefined. Read-modify-write is not affected. 


25.2.3 Clock Calibration Unit Duration Timer Data Register (CUTD) 


Duration Timer Register high byte 15014013) 12 10 i) 8 _.= Bit no. 
TDD15|TDD14|TDD13 rDD12 TDD11/TDD10) TDD9) TDD8& CUTDH 


Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (1) (0) (0) (0) (0) (0) (0) (0) 


Duration Timer Register low byte... 7 6 5 4 3 2 1 0 < Bit no. 
TDD7| TDD6| TDD5/TDD4 | TDD3| TDD2} TDD1| TDDO CUTDL 


Reade = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Default value> (0) (0) (0) (0) (0) (0) (0) = (0) 


The Clock Calibration Unit Duration Timer Data Register (CUTD) holds the value which determines the duration of calibration, 
i. e. it stores Duration Timer reload value.When the calibration is started, the stored value is loaded into the Low Speed Timer 
and the timer starts counting down until it reaches zero. 


The Clock Calibration Unit Duration Timer operates with CLKSC or with CLKRC clock, depending on the setting of 
CUCR:CKSEL. 


Default value is 0x8000 which corresponds to a measurement duration of 1 second, if CLKSC is used with a 32.768 kHz crys- 
tal. 


This register should be written only when the calibration is inactive (STRT=0). 
If CUTD is initialized with 0x0000 an underflow will occur and the measurement will take (OxFFFF + 1) * To_ksc/cLKrc 


In order to achieve a measurement duration of 1 second at a 32kHz oscillation, the CUTD register has to be loaded with 
0x8000 = 32768 dec. This number results from the exact oscillation frequency of the crystal, which is Fo,,=32768 Hz. The 


ideal values of the measurement results (if a 4.00 MHz crystal is used) are shown in the following table. 
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32kHz: Ideal measurement results depending on measurement duration 


duration of CUTD CUTR 
calibration value value 
0x0000 0x7A1200 


OxE000 Ox6ACFCO 
OxC000 Ox5B8D80 


In order to achieve a measurement duration of half a second at a 100kHz oscillation, the CUTD register has to be loaded with 
0xC350 = 50000 dec. This number results from the exact oscillation frequency of Fog,-=100000 Hz. The ideal values of the 
measurement results (if a 4.00 MHz crystal is used) are shown in the following table. 


100kHz: Ideal measurement results depending on measurement duration 


duration of CUTD CUTR 
calibration value value 


0xC350 0x1E8480 


0x61A8 Ox0F 4240 
0.125 sec 0x30D4 0x07A120 
0x2710 0x061A80 


The duration of the whole process from writing a 1 into the STRT bit until STRT is reset by hardware is longer than the actual 
calibration measurement time, due to synchronization between the different clock domains. Process Duration < (CUTD + 3) * 


TCLKSC/CLKRC - 


The calibration measurement time is CUTD * TcLxrc. 


25.2.4 Clock Calibration Unit Calibration Timer Data Register (24 bits) (CUTR) 


The Clock Calibration Unit Calibration Timer Data Register stores the result of the calibration. When the calibration is started, 
the Calibration Timer starts counting up from zero. When the Duration Timer reaches zero, the Calibration Timer stops count- 
ing and the register holds the calibration result until the next calibration is triggered by software. 


Precaution: 


Reading this register during calibration results in random values. The end of calibration is indicated by the INT-bit and the 
STRT-bit in the CUCR-register. 


522 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“ag «—- EMBEDDED IN TOMORROW Clock Calibration Unit 


After INT has changed from 0 to 1 / STRT has changed from 1 to 0, the value of CUTR is valid. 
Calibration Timer Register2 low byte __7 6 5 4 3 2 1 0 < Bit no. 
TDR7|TDR6/} TDR5/TDR4 | TDR3) TDR2} TDR1} TDRO CUTR2L 


Readiwrite> (R) (R) (R) (RA) (R) (A) (R) A) 
Default value> (0) (0) (0) (0) (0) (0) (0) = (0) 


Calibration Timer Register2 high byte_15 14. 13712 11 10 i) 8 ___.= Bit no. 
TonsgfonveonsaforscforsforToR@|TOR@] UTAH 
Read/write=> (R) (R) (R) (R) (R) (R) (R)_ (R) 
Default value= (0) (0) (0) (0) (0) (0) (0) (0) 
Calibration Timer Register1 low byte __7 6 5 4 3 2 1 0 <= Bit no. 
TDR23)TDR22/TDR21/TDR20|TDR19}TDR18 TDR147TDR16 CUTRIL 
Read/write> (R) (R) (R) (R) (R) (R)  (R) (RR) 
Default value> (0) (0) (0) (0) (0) (©) (0) — (0) 
Calibration Timer Register1 high byte 15 14. = 13 12 11 10 9 8 __= Bit no. 
- - CUTRIH 


Read/write=> (R) (R) (R)_ (R) 
Default value> (0) (0) (0) (0) 


Writing into this register by software has no effect. 


The Calibration Timer operates with the main oscillator clock CLKMC. 


25.3 Application Notes 


This section lists application notes concerning accuracy of the calibration, power dissipation and measurement duration. 


25.3.1 32 kHz 


The setting of the Duration Timer Data Register can be calculated in the following way. 


If the duration of 1 second is desired for the calibration, 8000Hex = 32768Dec should be set in the Duration Timer Data Reg- 
ister and it represents 32,768 pulses of the 32.768kHz oscillation clock. 


This setting should result in the stored value of approximately 3D0900Hex in the Calibration Timer Data Register. This value 
represents 4,000,000 pulses of the 4MHz oscillator. 


Ideal measurement results (CUTR) with 32.768kHz and 4.0MHz oscillators 


duration of CUTD CUTR 
calibration value value 


0x0000 0x7A1200 


OxE000 Ox6ACFCO 
OxC000 Ox5B8D80 
0xA000 0x4C4B40 
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duration of CUTD CUTR 
calibration value value 


0x8000 0x3D0900 


0x6000 Ox2DC6CO 
0x4000 0x1E8480 
0x2000 Ox0F 4240 


25.3.2 100 kHz 


The setting of the Duration Timer Data Register can be calculated in the following way. 


If the duration of 0.5 second is desired for the calibration, C350Hex = 50000Dec should be set in the Duration Timer Data 
Register and it represents 50,000 pulses of the 100KHz oscillation clock. 


This setting should result in the stored value of approximately 1E8480Hex in the Calibration Timer Data Register. This value 
represents 2,000,000 pulses of the 4MHz oscillator. 


Ideal measurement results (CUTR) with 100kHz and 4.0MHz oscillators 


duration of CUTD CUTR 
calibration value value 


0xC350 0x1E8480 


0x61A8 Ox0F4240 
0.125 sec 0x30D4 0x07A120 
0x2710 0x061A80 


The purpose to use of the Clock Calibration Unit is to reduce power dissipation of the MCU while maintaining an accurate 
clock, for example for a daytime display. 


25.3.3 Accuracy 


The accuracy of the calibration is dependent on the clock frequency used by the Calibration Timer and the duration of the cal- 
ibration. The maximum error of the Calibration Timer is +/-1 digit. If the clock frequency is 4MHz and the duration of the cali- 
bration is 1 second, the achieved accuracy is calculated in the following way: 


0.25us (Clock cycle time) / 1 second (duration)=0.25 ppm. 
In general: 
Accuracy = (Clock cycle time of Calibration Timer) / (Duration of calibration) 
25.3.4 Power Dissipation 
Suppose the current consumption IRyn in run mode is 20 times the consumption IpRtc in RTC mode (IRyn = 20 X Into ). 


If the MCU is woken up from RTC mode by software to trigger the calibration measurement every minute and the duration of 
the calibration is set to 1 second, the increase in the power dissipation can be 20 x Iptc/60 = 1/3 x IpT¢. 


Therefore the software has to make sure that the increase should not affect the hardware limitations coming from the system 
requirements. For example, the software has to be designed to trigger the calibration least frequently. 


It is generally recommended that the theoretical increase in power dissipation is not more than 5% particularly in the RTC 
mode of the MCU. 
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25.3.5 Measurement Limits 


m= The limit to the duration of the calibration is roughly 2 seconds if the Duration Timer is operating with a 32kHz clock (0.5 
seconds if operating with 100kHz). On the other hand, the Calibration Timer can measure time up to 4 seconds if it is 


working with a 4MHz clock. 
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This chapter describes the functions and operations of the LCD Controller/Driver. 
26.1 Configuration of LCD Controller/Driver 


26.2 LCD Controller Registers 

26.3 LCD Enable Registers (_CDER, LCDVER) 
26.4 LCD Controller/Driver Display RAM 

26.5 Operation of LCD Controller/Driver 

26.6 Cautions 


26.1 Configuration of LCD Controller/Driver 


The LCD Controller/Driver consists of the blocks listed below. Functionally, it consists of the controller section, which gener- 
ates a segment signal and common signal based on display RAM data, and the driver section, which drives the LCD. 


LCD control register (LCR) 
Display RAM 

Prescaler 

Timing controller 

AC circuit 

Common driver 

Segment driver 


Divide resistor 
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Figure 26-1. Configuration Diagram 
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LCD Controller 
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Fao xN) 


COMENO LCDCMR: bit 0...3 
COMEN3 


COM output disabled (other peripheral 
function or general purpose input/output) 
SHOJLCR: bia ————— 


poi COM output enabled 


2 duty cycle 


rT 
8 2 XN) J Fog ge (2KN) [0 [173 duty cycle | 
PP FO XN) | Fern (2x) | Pe duty cycle | 
T T T 
ee a O 
Peripheral ! ! O | | COMO 
clock CLKP1 0 ¥ ! (o) 
Timing O Q 
Prescal 5 z ° 
ci! Control Circuit ‘0 a 3 LL} COM! 
3 
8 
O S | | COM2 
g 
5 
O g | | COM3 
J 1 ff RCclock (CLKRC) Internal 
Divided 
Resistors} 
VRAMO 
VRAM? BEfae 
VRAMS5 VRAM4 a 
VRAM7. VRAM6 gg SEG1 
VRAMSs___|}-— z 
VRAMIL | VRAM10 3 SEG2 
icon a _ Y 
Zi 
aes) eee é 
oO 
_ . 
VRAM(x/2)-1 | VRAM(x/2)-2 SEGx-2 
POs pee | bee ee ee eee eee ee eee SEGx-1 


] 1 ff Enable display in timer mode. 


I . 
: Control Section 


Uy Blank 


SEGO LCDER 

SEGx-1 
SEG output disabled (other peripheral 
functionor general purpose input/output) 


SEG output enabled 


x = Number of available segments 
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Register List 
Figure 26-2. Register List 


LCD Controller/Driver 


LCR 
bit? bit6 bitS bit4 bit3 bit2 bit! _bitd 
css |LCEN vseL} 8K | mst | Mso| FP1 | FPO 

LECR 
bit? bit6 bitS bit4 bit3 bit2 bit! _bitd 
Ff tL fous] 

LCDCMR 
bit? bit6 bitS bit4 bit3 bit2 bit! itd 
ES Se 

LCDERO 


bit? bité bits bit4 bits bit2 biti  bitd 


LCDER(x/8 - 1) 
bit? bit6 bits bit4 bits bit2 biti _bitd 


et TT TTT: 


LCDVER 
bit? bité bits bit4 bit8 bit2 biti  bitd 
a 
VRAMO 


DH3 | DH2 | DH1 | DHO| DL3 | DL2] DL1 | DLO 


VRAM(x/2 - 1) 


[ors [ore [on [ove] O18 [ou] on [ou 
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26.1.1 LCD Controller/Driver’s divide resistors 


The LCD drive voltage is generated either by external voltage divide resistors or internal voltage divide resistors. 


The brightness can be controlled by connecting a variable resister between the Vcc and V3 pins. 
When internal divide resistors are used, the corresponding pins can be used as segment drivers. 


Selection of internal or external divide resistors 
Use the LCD drive power supply control bit (LCR:VSEL) 


Controlled operation LCD drive power supply control bit (VSEL). 


To use external divide resistors 2 
_ . : Set to “O”. 
(Internal divide resistors disconnected) 


To use internal divide resistors Set to “1” 
(Internal divide resistors connected) : 


Figure 26-3. Using internal divide resistors: 


LCR:VSEL=1 -—-— 4 
LCR:MS[1:0] <> 00g for 4 y-ch 
LCD operation enabled LCDER:SEG[a:d] 


The LCD driving voltage is generated by internal divide resistors. When pins VO..V3 are disabled by setting the correspond- 
ing bit in LCDVER:V[3:0] to zero, additional segment pins become available. Since LCDVER:V3 = 0, the internal resistor 
chain is connected to VCC. 
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Figure 26-4. Using internal divide resistors and an external resistor for dimming: 
V[3] 
name VCC 


=| 
| oO = 
LCDVER:V(0:3]___4 _ _|_ | a: a 
V{3]=1 + V3/SEGa 


| SEGa—o™o 
v> IR 21=0 |_V2/SEGb 
| R Wii VI1/SEG 
V1 O = : 
| SEGce—°© 
Vo LV [0]=0 HV O/SEGd 
SEGd—0-7© 
LCR:VSEL=1 - — — 4 
LCR:MS[1:0] <> 00g for Ly ch 
LCD operation enabled LCDER:SEG[a:d] 


Dimming with an external resistor when using the internal voltage divide resistors is possible by setting LCDVER:V3 = 1. The 
internal resistor chain is connected to pin V3. An external variable resistor connected to V3 is used for dimming. The setting 
of LCDER:SEGa has no effect. 


Figure 26-5. Using external divide resistors: 


V[3]=1 
r [>o = VCC 
| ——o ~o |_| 
LCDVER:V[0:3}____ 4 _ _}__ = 
- YB! — V3/SEGa 


= V2/SEGb 


¢ < 
_ O _ OQ 
zs ~ 
O 
< < 
Ss |= 
aN en 
tH ies] 
S| 8 
8) QO 


ile = V1/SEGc 


a 

Bs 

< 

“8 

I 
BEE § 


. | VO/SEGd 
| SEGd—® *o 
LCR:VSEL=0 - — — 4 
LCR:MS[1:0] <> 00g for 
LCD operation enabled 11 N-ch LCDER:SEG[a:d] 


The LCD driving voltage is generated by connecting external divide resistors to the LCD drive power supply pins (VO to V3). 


Each V pin must be enabled by setting LCDVER:V[3:0] = 1111,. For each enabled V pin, the corresponding segment enable 
bit LCDVER:SEG[x] has no effect. 


To avoid the effect of internal divide resistors, the resistors must be disconnected by setting LCR:VSEL = 0. 
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Usage of external divide resistors to shut off the current when LCD is deactivated 

The VO pin is internally connected to Vss (GND) via a transistor. For this reason, the current generated on deactivating LCD 
controller can be shut off by connecting external divide resistors to the VO pin on the Vss side. To shut off the current, use the 
display mode select bit (LCR:MS[1:0] = “00”). 

26.2 LCD Controller Registers 


This section describes the registers related to the configuration of LCD Controller/Driver. 


26.2.1. LCD Control register (LCR) 


Figure 26-6 shows the bit configuration of the registers related to the LCD Controller/Driver. 
Figure 26-6. Bit configuration of LCD Control Register (LCR) 
LCR (LCD control register) 


bit? bité bits bit4 bits bit2 biti bitd Initial value 


css |LCEN VsEL| 8K | Msi | mso | FP1 | FPO | 90100008 


R/W R/W R/W R/W R/W RW RW R/W 


R/W: Reading/writing permitted 


bit7 CSS: Select the frame period generation clock 


Peripheral clock (CLKP1) 


clock selected by LECR:CKSEL 


Notes: 


m When the peripheral clock CLKP1 is selected and the MCU is in STOP mode or in Timer mode, the LCD stops operation, 
because CLKP1 is stopped. 


bit6 LCEN: Enable operation in Timer mode 


Disable LCD display in the Timer mode 


Enable LCD display in the Timer mode 


Notes: 


m To enable LCD display in Timer mode, the frame period generation clock select bit (CSS) must be also set to “1” and the 
selected clock (sub clock CLKSC or RC clock CLKSC) must be enabled. 


bits VSEL: Control LCD drive power supply 


Disconnect internal divider resistors 


Connect internal divider resistors 


Remark: 


To connect external divider resistors, the LCD drive power supply control bit (VSEL) must be set to “O” 
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When external divide resistors are selected, the corresponding segments can not be enabled. The setting of the correspond- 
ing LCDER register bits is ignored. 


When internal divide resistors are selected the external voltage pins can not be connected. The setting of LCDVER:V[0:3] is 
ignored 


bit4 BK: Select blanking 


Po Enable LCD display 


Disabe (ark LOD apa 


bit3-2: Select a display mode 


Table 26-1. Function Settings 


pomst | mso | isplaymode 
| 0 | 0 | eactvatelco 
| 0 | + __| We duty cycle output mode (Time division number: N=2,COMO-COMA) 
| 1 | 0 __| duty cycle output mode (Time division number: N=3,COMO-COM2) 


Notes: 


m If the display mode select bit (MS[1:0]) is set to “O00”, the LCD Controller is disabled, i.e. a “L” level is output to the com- 
mon/segment pins. 


bit1-0: Frame period 


Table 26-2. Frame period 


ppt | FPO When peripheral clock CLKP1 is selected: aes epee nee as 


Po | 0 | Feuxeri(2"8 XN Fou/(2° XN) 


Foikpi/(2'® XN Fo. /(29 XN 
| 0 | Feuxpr(2"” XN) Fou/(2"°x N) 
Forkp1/(2!9 X N Fo,/(2'' XN) 


Fo_xp1: Peripheral clock (CLKP1) frequency 

Foi: Subclock (CLKSC) or RC-Clock (CLKRC) frequency 

N: Time division number (Selected with the display mode select bits, MS1 and MSO.) 
Select an appropriate value in accordance with the frame frequency of your LCD panel. 
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26.2.2 LCD Common Pin switching Register (_CDCMR) 
Figure 26-7. Bit configuration of LCD Common Pin Switching register (LCDCMR) 


LCDCMR (LCD Common Pin Switching Register) 
bit7 bité bits bit4 bits bit2 biti bitd initial value 
DTCH| - | - | -  (COMEN3|COMENacOMENt|comeNo|  OXXX0000p 
(RW) (-)  (-) — (-) (RAW) (RW) (RW) (RW) 


R/W read and write permission 
write always 0, read value is undefined, read-modify-write is not affected 


bit? DTCH: Bias control 


Set LCDCMR:DTCH to ’0’ to use the LCD Controller 


bit6-4 unused bits: 
Write always 0 to these bits. 
Read value is undefined. 


Read-Modify-Write Instructions are not affected. 


bit3-0 COMEN[3:0]: Common driver enable 


fo corresponding common driver (COMx) is disabled 


corresponding common driver (COMx) is enabled 


If COMENx is set to '1’, the digital function (input/output) of the corresponding pin is disabled. 
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26.2.3. LCD Extended Control Register (LECR) 
Figure 26-8. Bit configuration of LCD Extended Control register (LECR) 


LECR (LCD extended Control Register) 
bit7 bit6 bits bit4 bits bit2 biti _bitd 


- : - - - - - |CKSEL 


() © © © © ©) ©) (RW) 


R/W read and write permission 
- write always 0, read value is undefined, read-modify-write is not affected 


bitO CKSEL: Clock selection bit 


LCD Controller/Driver 


initial value 
XXXXXXX0B 


Pe use Sub clock CLKSC 


ise FO Clock OLKRC 


If Sub clock or RC-clock shall be used as LCD clock, the LCR:CSS bit must be set. 


Devices with sub clock: If the Clock setting shall be changed, the clock which is currently selected must be active for at lease 
3 cycles if it was enabled at any time before. Otherwise the selected clock does not change to the new clock. 


bit7-1 unused bits 
Write always 0 to this bits. 
Read value is undefined. 


Read-Modify-Write Instructions are not affected. 
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26.3 LCD Enable Registers (L_CDER, LCDVER) 


This section describes the LCD enable registers 


LCD Segment Enable Registers LCDER and Voltage Line Enable Register LCDVER 
Figure 26-9. Bit configuration of LCD Segment Enable and Reference Voltage Enable registers 


LCDER1/0 
LCD SEG enable register 1/0 ve 
Initial value 


00000000 00000000 


6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W 


9 8 7 


15 14 13 12 11 10 
SEG14 | SEG13 SEG11 | SEG10 
R/W R/W R/W R/W R/W R/W 


LCDER3/2 
LCD SEG enable register 3/2 ba 
Initial value 


00000000 00000000 


7 6 5 4 3 2 al 0 
R/W R/W R/W R/W R/W R/W R/W R/W 


15 14 13 12 11 10 9 8 
R/W R/W R/W R/W R/W R/W R/W R/W 


LCDER5/4 
LCD SEG enable register 5/4 ve 
Initial value 


00000000 00000000 


7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W R/W 


15 14 13 12 dat 10 9 8 
R/W R/W R/W R/W R/W R/W R/W R/W 


LCDER7/6 
LCD SEG enable register 7/6 ve 
Initial value 


00000000 00000000 


6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W 


9 8 7 


15 14 13 12 11 10 
SEG62 | SEG61 SEG59 | SEG58 
R/W R/W R/W R/W R/W R/W 


LCDER9/8 
LCD SEG enable register 9/8 wg 
Initial value 


XXXXXXXX 00000000 


7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W R/W 


15 14 13 12 bil 10 9 8 


LCDVER 
LCD Voltage enable register ae 
Initial value 


XXXX0000 
7 


6 5 4 3 2 1 0 
i cc 
- - R/W R/W R/W R/W 
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0 - LCD output (SEGxx) or input (Vx) is disabled, other resource function can be used or pin is General purpose IO 


1 - LCD output (SEGxx) or input (Vx) is enabled, other pin functions cannot be used (digital function is disabled) 


~~ - reserved bit: write always '0’, read value is undefined, RMW access is not affected 


Remark: 


When an internal divide resistor x is activated by LCDVER:Vx = 1, the setting in the LCD enable register LCDERy:SEGz of 
the segment sharing the pin of Vx is ignored and the segment is disabled. This is implemented to avoid a shortcut between a 


segment output and an internal voltage divider. 
26.4 LCD Controller/Driver Display RAM 
The display RAM is a 36 x 8 bit display memory area used to generate a segment output signal. 


26.4.1 Memory area (VRAM) for setting display data 


VRAMO (SEG1, SEGO): (Access: Byte) 


VRAM(x/2 - 1) (SEGx-1, SEGx-2): (Access: Byte) 


Notes: 


m x: Maximum number of segments 


7 6 5 4 3 2 1 0 bit 

Xx Xx x Xx Xx Xx Xx Xx Initial value 

R/W R/W R/W R/W R/W R/W R/W R/W Attribute 
Notes: 


m Regardless of the operation of LCD Controller/Driver, RAM can be read and written any time. 
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26.4.2 Correspondence between VRAM and Common/Segment Pins 


Figure 26-10. Correspondence between VRAM and Common/Segment Pins 


VRAMO 
ot} ono] SEG 


e 
“—_— > 


VRAM35 


SEG70 
SEG71 


RAM area and common pins used 
in 1/2 duty cycle output mode 


< > RAM area and common pins used 


in 1/3 duty cycle output mode 


RAM area and common pins used 
in 1/4 duty cycle output mode 


26.5 Operation of LCD Controller/Driver 


This chapter describes step by step how to use the LCD Controller/Driver 


26.5.1. | LCD Controller/Driver (LCDC) Operation 


Set values to the display data memory (VRAM) in advance. 
Make necessary settings to each register. 


When the frame period generation clock oscillates, LCD drive waveform is output through common/segment output pins 
(COMO - COM, SEGO - SEGx-1). 


VRAM contents are automatically read in synchronization with common signals to be output through segment output pins. 


a If the bit is set to “1”, the selected waveform is output through the segment output pins. If the bit is set to “O”, non- 
selected waveform is output through the segment output pins. 


If the display mode is set to 1/2 duty cycle, non-selected waveform is output through the COM2 and COM pins. For the 1/ 
3 duty cycle, the COMS3 pin is used to output non-selected waveform. 


The output waveform is a 2-frame AC waveform in accordance with the duty cycle setting, and drives LCD. 
When MS[1:0] = “00” is used to deactivate LCD, a “L” level is output through both common and segment pins. 


If LCD operation is enabled in the Timer mode (LCEN=“1”), the LCD Conitroller/Driver continues to display even when 
MCU enters Timer mode. 


a Note that frame period generation clock signals must be supplied at this time 

LCD display can be blanked by selecting “blank” (BK="1”) in blanking selection. 

oq Note that non-selected waveform continues to be output. 

When LCD deactivation is selected (MS[1:0]=“00”) with the display mode, LCD stops operating. 
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26.5.2 Output waveform during LCD Controller/Driver operation (1/2 duty cycle) 
Only COMO and COM1 outputs are used for LCD display. Neither COM2 nor COMS output is used. 


Example of 1/3 Bias Output Waveform 


LCD cells with the maximum voltage difference between common and segment outputs are lit. 


Table 26-3. Example of Data Memory Contents for display 


Contents of data memory for display 
Segment 
COMS output COM2 output COM1 output COMO output 


SEG 2n output pee 
SEG2n+1 output ER Ee (ee 
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Figure 26-11. Output Waveform (1/2 duty re 
COMO output | 


CoM out ut | 


com2 output. 


SEG 2n output 


LCD cell corresponding to SEG 2n, COMO output. ____ ON 


OFF 
OFF 
OFF 


_ ON 


OFF 


540 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


aN 
wa CYPRESS LCD Controller/Driver 


ce EMBEDDED IN TOMORROW 


26.5.3 Output waveform during LCD controller/driver operation (1/3 duty cycle) 
In the 1/3 duty cycle output mode, COMO, COM1 and COM2 outputs are used for LCD display. COM3 output is not used 


Example of 1/3 Bias Output Waveform 


LCD cells with the maximum voltage difference between common and segment outputs are lit. 


Table 26-4. Example of Data Memory Contents for display 


Contents of data memory for display 
Segment 
COMS output COM2 output COM1 output COMO output 


SEG 2n output pe 
SEG2n+1 output ee [| 
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Figure 26-12. Output Waveform (1/3 duty cycle) 
COMO: output V3 


COM3ioutput 


SEG 2h output 


SEG net output 


OFF 
OFF 
OFF 
OFF 


OFF 


LCD cell corresponding to SEG one, COM2 output ON 


OFF 
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26.5.4 Output waveform during LCD controller/driver operation (1/4 duty cycle) 
In the 1/4 duty cycle output mode, COMO, COM1, COM2, and COMS3 outputs are all used for LCD display 


Example of 1/3 Bias Output Waveform 


LCD cells with the maximum voltage difference between common and segment outputs are lit. 


Table 26-5. Example of Data Memory Contents for display 


Contents of data memory for display 
Segment 
COMS output COM2 output COM1 output COMO output 


SEG 2n output Of fo 
SEG2n+1 output a 
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Figure 26-13. Output Waveform (1/4 duty cycle) 


COMO outpu 


COMB output 


SEG 2n output 


SEG 2n+1 output 


LCD cell corresponding to SEG 2n+1, COM3 output 


OFF 
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26.6 Cautions 


Cautions covering the usage of LCD controller/driver 
m Switching the frame period generation clocks: 
og Frame period generation clocks (LCR:CSS) can be switched even during LCD display. 


a However, switching may cause some screen flicker. To avoid such flicker, be sure to set the blanking select bit 
(LCR:Bk) to “1” (blank display) before switching. 


Depending on your LCD, different external divider resistors are used. Use appropriate resistor values. 
When the display mode is set to 1/2 duty cycle, non-selected waveform is output through the COM2 and COM3 pins. For 
1/3 duty cycle, the COM3 pin is used to output non-selected waveform. 

m Inappropriate selection or setting of frame period generation clock (CSS), LCD drive power supply control (VSEL), duty 
cycle (MS[1:0]) and frame period (FP[1:0]) results in inappropriate LCD display 

m By default, LCD display is disabled in MCU Timer modes. To enable LCD display in MCU Timer modes, use LCR:LCEN 
and make sure the required clock is operating. 

m LCD display is disabled in MCU STOP mode 


Take care that the LCD display is not enabled if the required clock is not operating. Otherwise the LCD panel might be 
damaged by DC voltage. Refer to the following tables. 


Table 26-6. LCD operation except in MCU Timer modes or MCU STOP mode 


Sub clock RC clock 
CKSEL CLKSC CLKRC Operation for MS[1:0] # "00" 
=a =a 


| x tcp controller is running with Peripheral Clock CLKP1. 


fp Do not use this setting! DC voltage is applied to the LCD panel. 
1 + | 0 | Yes | x | LCD controller is running with Sub Clock CLKSC. 
a ee ee eee Do not use this setting! DC voltage is applied to the LCD panel. 
LCD controller is running with RC Clock CLKRC. 


Table 26-7. LCD operation in MCU Timer modes 


Sub clock RC clock 
css LCEN CKSEL CLKSC CLKRC Operation for MS[1:0] + "00" 
running running 


i. O° |e ao). 8 ee _ Do not use this setting! DC voltage is applied to the LCD panel. 


roa [| 1 [0 [| no | x | Do not use this setting! DC voltage is applied to the LCD panel. 
pot | ct | oo ves |X __| Led controtteris running with Sub Clock CLKSC. 
Poa fo a4 [4 [x | No Do not use this setting! DC voltage is applied to the LCD panel. 


For MS[1:0] = "00" and in MCU STOP mode, the LCD display is deactivated. 
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This chapter explains the functions and operations of the stepper motor controller. 
27.1 Outline of Stepper Motor Controller 


27.2 Stepper Motor Controller Registers 

27.3 PWM Control register (PWCn) 

27.4 PWM Extended Control register (PWECn) 

27.5 PWM1 and PWM2 Compare Registers (PWC1n, PWC2n) 
27.6 PWM1 and PWW2 Selection registers (PWS1n, PWS2n) 
27.7 Operation of Stepper Motor Controller 

27.8 Notes on Using Stepper Motor Controller 


27.1 Outline of Stepper Motor Controller 


The Stepper Motor Controller consists of PWM pulse generators, motor drivers and selector logic circuits. 


Outline 


m The four motor drivers have a high-output driving capability, and two motor coils can be connected directly to four pins. 
The motor rotation is designed to be controlled by a combination of the PWM pulse generators and selector logic circuits. 
The synchronization mechanism enables synchronous operation of two PWM pulse generators to operate surely. 


Block diagram of Stepper Motor Controller 
Figure 27-1 shows a block diagram of the Stepper Motor Controller. 


Figure 27-1. Block diagram of Stepper Motor Controller 


PWM extended control register 
PWM control register 
: Output 
Scbit cenit enable 
PWM cK 
Clock [Selector PWM1P- le 
Efescalet IPWM1 pulse generator 
pes 9 PWM1M 
ke 
Fenpheral 1 Port “~p 
clocl PWM1 compare register IPWM1 selection 
CLKP1 register Output 
enable [* ~— 
CK 
Lp_tp} Selector EWM2R ( D 
IPWM2 pulse generator 
Pen PWM2M 
EN PWM 
—— te =n 
PWM2 compare register BS |PWN2 selection register] 
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27.2 Stepper Motor Controller Registers 


There are seven registers for the Stepper Motor Controller: 
PWM Control Register 

PWM Extended Control Register 

PWM1 Compare Register 

PWM2 Compare Register 

PWM1 Selection Register 

PWM2 Selection Register 


Stepper Motor Controller registers 
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Figure 27-2. Overview of the Stepper Motor Controller registers 
PWM Control register (PWCn) 


7 6 5 4 3 2 1 «0 
ERGOGoee 
RW RW RW RW RW | C*™ 
PWM Extended control register (PWECn) 
7 6 5 4 3 2 1 °0 
Peas ea ay 
- = RW RW 


PWM1 Compare register (PWC1n) 
15 14 13 12 11 10 9 8 


- - R/W R/W 


7 6 5 4 3 2 1 0 
GCIIEICICIIE? 
R/W R/W R/W RIW R/W RW RWW R/W 


PWMe2 Compare register (PWC2n) 
15 14 13 12 11 #10 9 8 


- - R/W R/W 


7 6 5 4 3 2 1 0 
EIQIIEIEICIEIG 
R/W RAW RW RW RW RW RW RW 
PWM1 Selection register (PWS1n) 
7 6 5 4 3 2 1 0 
BEGG 
- = RW RW RW RW RW RW 


PWI2 Selection register (PWS2n) 


7 6 5 4 3 2 1 #0 
EICIAGIEICICIL 


R/W R/W R/W RW RW RW R/W 
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Initial value: 
-00000--, 


Initial value: 
XXXXXX00B8 


Initial value: 


Initial value: 
XXXXXXXXB 


Initial value: 


Initial value: 
XXXXXXXXB 


Initial value: 
--0000008, 


Initial value: 
xx0000008 
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27.3. PWM Control register (PWCn) 


The PWM Control register (PWCn) starts and stops the Stepper Motor Controller, controls interrupts, and sets the external 
output pins. 
27.3.1. PWM Control register (PWCn) 
Figure 27-3. PWM Control Register (PWCn) 
PWM Control register (PWCn) 


7 6 5 4 3 2 1 0 Initial value: 
EICICAGIEIEAESEs ee 


R/W R/W R/W RWW RWS; e 


[bit 7] Reserved bit 


[bit 6 to 4] P2, P1, PO: Operating clock select bits (bits to select operating clock) 
The P2, P1 and PO bits specify the clock input signal for the PWM pulse generator. 


PWM cycle (at fo_xp1 = 32 MHz) PWM cycle (at fo_xp; = 40 MHz) 
Clock input 
CS CC C20 CCT EY Ee 


forxps/16 128.0 us 512.0 us 102.4 us 409.6 us 


Note: 


After operation clock selection, set 1 in CE. 


[bit 3] CE: Count Enable bit 


The CE bit enables operation of the PWM pulse generator. When "1" is set to the CE bit, the PWM pulse generator starts its 
operating. The PWM2 pulse generator starts after the PWM1 pulse generator starts in order to reduce the switching noise 
generated by the output driver. 


When the CE bit is cleared to 0 during operation of the PWM pulse generator, the generator is initialized to stop operating. 
[bit 2] SC: 8/10 bits switching bit 


When "1" is set to the SC bit, the PWM pulse generator operates at 10 bits. When "0" is set to the SC bit, the PWM pulse gen- 
erator operates at 8 bits. 


[bit 1 to 0] Reserved bit 


Always write "0". Read value is undefined. Read-modify-write is not affected. 
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27.4 PWM Extended Control register (PWECn) 


The PWM Extended Control register (PWECn) enables the PWM output. 


27.4.1. PWM Extended Control register (PWECn) 
Figure 27-4. PWM Extended Control register (PWECn) 


PWM Extended Control register (PWECn) 


7 6 5 4 3 2 1 0 Initial value: 
BBB ERE 


R/W R/W 


[bits 7 to 2] Unused bits 

Writing to these bits has no effect. 

[bit 1 to 0] OE2, OE1: Output enable bits for PWM output 
These bits enable or disable the PWM output. 

OE1 enables output of PWM1Pn/PWM1Mn 

OE2 enables output of PWM2Pn/PWM2Mn 


Table 27-1. Operation 


EOE Operation 


i ae PWM1Pn/PWM1Mnh outputs disabled 
PWM1Pn/PWM1Mn outputs enabled 


27.5 PWM1 and PWM2 Compare Registers (PWC1n, PWC2n) 


The value of the two 8 (10) bits compare register of PWM1 and PWM2 (PWCin, PWC2n) determine the width of the PWM 
pulse. The stored "001 (000,,)" value indicates that the PWM duty is 0%, and the stored "FF," ("3FF}") value indicates that 
the PWM duty is 99.6% (99.9%). 


27.5.1 PWM1 and PWM2 Compare registers (PWC1n, PWC2n) 


The PWM1 and PWM2 Compare registers can be accessed at any time, but the changed value is reflected in the pulse width 
at the end of the current PWM cycle after "1" is set to the BS bit of the PWM2 selection register. 


When "0" is set to SC bit of the PWM Control register, and PWM performs 8-bit operation, the D9 and D8 bits are undefined 
value. 


PWM1&2 Compare registers must be read or written 16-bit wide. 
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Figure 27-5. PWM1&2 compare registers 
PWM1 Compare register (PWC1n) 


15 14 13 12 11 10 9 8 Initial value: 
es ele), -2x2: Xe 
A 0 8 - ‘ : - PW RW 


Initial value: 


¢ 6 5 4 3 2 1 #0 
BEIGE ee 


R/W R/W R/W RWW RW R/W R/W R/W 


PWM2 Compare register (PWC2n) 


15 14 13 12 11 10 9 8 Initial value: 
fe es) eee ees Xe 
- ee RR 


Initial value: 


t 6 5 4 3 2 1 #0 
GIQIEICIEIEICIC eee 


R/W R/W R/W RWW R/W R/W R/W R/W 


[bit 15 to 10] Reserved bit 
Always set the reserved bit to "0". 
[bits 9 to 0] D9 to DO: Compare data 


These bits are used to set the PWM pulse width. 
Figure 27-6. Relationship between the Compare Register setting value and PWM pulse width 


Register value One PWM cycle 
256 (1024) input cycles 
~<a e 
000H 
80H (200n) 


128 (512) input cycle 


FFH (3FFH) _| 255 (1023) input cycle LJ 
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Figure 27-7. Load timing of PWM compare register value 


aniaa Load the values of the registers and , 
| < gycle >| ~<teflected in the output signal. 
PWM pulse 


PWM pulse generator ‘ 
comer ale 2 C SFFHX 000h X sssss1 Xe Xs KX SEFHIK 00h X +--+ X 200h X= X SEFHIX 000h 


PWM compare 
register value 


[Automatic clear of BS bit] 


PWM pulse generator 
compare register value 


BS 


[When set a BS bit in "1" with automatic clear simultaneously] 
Load the values of the registers and 


| PWM 1 cycle reflected in the output signal. 
2 > 
pwmpuse Ss | t~<—s~SiStC<CS~i 


PWM pulse generator ‘ 


counter value FehX 000 Xs Xv XX SEH 000H XK +X 200H XK ++) 


PWM compare 
register value 


PWM pulse generator 
compare register value 


BS 


Automatic clear and "1" simultaneously 
write of a BS bit. 


[When set a BS bit in "O" with automatic clear simultaneously] 
Load the values of the registers 


PWM 1 cycle i 
| y Lae and reflected in the output signal. >! 
PWM pulse 1 


PWM pulse generator 


counter value FehX 000 Xs Xe XK X SFEHX 00H XK =X 200H XK +) 


PWM compare 
register value 


PWM pulse generator 
compare register value 


BS ~~ Automatic clear and "0" simultaneously 
| write of a BS bit. 
[When set a BS bit in "0" before the PWM cycle end] 
Not load the values of the registers and 


PWM 1 cycle not reflected in the output signal. 1 
~< > 
pwMpise = s—(iéidTsi (Yt ti(‘i Sd (tsts~<CSstsiCSsOS 


PWM pulse generator 
counter value 


PWM compare 
register value 


PWM pulse generator 
compare register value 


BS | *~ "0" write of a BS bit before the 1 cycle end. 
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27.6 PWM1 and PWNIN2 Selection registers (PWS1n, PWS2n) 


The PWM1 and PWWN2 Selection registers (PWS1n, PWS2n) determine whether to set the output of the external pin of the 
Stepper Motor Controller to "0", "1", PWM pulse or high impedance. 


27.6.1. PWM1 and PWW2 Selection registers (PWS1n, PWS2n) 
Figure 27-8. PWM1 and PWW2 selection registers (PWS1n, PWS2n) 


PWM1 Selection register (PWS1n) 


Ce ee Initial value: 
eee [eee ee) wovona ny 
- - RW RW RW RW RW RW 

PWW2 Selection register (PWS2n) 


7 6 5 4 3 2 1 0 Initial value: 
EICICAGIEICACIC ee 


R/W R/W RW R/W RW R/W RAW 


27.6.2 PWM1 Selection register (PWS1n) 


[bit 7 to 6] Reserved bits 


Always set the reserved bit to "0". 


[bit 5 to 3] P2 to PO: Output select bits 


These bits are used to select the output signal for SMCmPn. 


[bit 2 to 0] M2 to MO: Output select bits 
These bits are used to select the output signal for SMCmMn. 


The table below shows the relationship between the output levels and the select bits. 


PWM Pulse 


High impedance 


m = 1 to 2 (motor coils). 


n = 0 to 5 (stepper motor channels). 


27.6.3  PWM2 Selection register (PWS2n) 
[bit 7] Reserved bit: 
Always set the reserved bit to "0". 


[bit 6] BS: Rewrite bit 


The BS bit makes the setting for the PWM output match another setting. Until the BS bit is set, changes made to the two 
Compare registers and two Selection registers are not reflected in the output signal. 
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When "1" is set to the BS bit, the PWM pulse generator and the selector load the values of the registers at the end of the cur- 
rent PWM cycle. The BS bit is cleared to 0 automatically at the beginning of the next PWM cycle. 


When "1" is set to the BS bit by software at the same time of an automatic clear, the BS bit is set to 1 (no change is made to 
the BS bit) and automatic clearing is cancelled. 


When "0" is set to the BS bit by software at the same time of an automatic clear, the BS bit is set to 0, however the PWM 
pulse generator and the selector do not load the values of the registers at the end of the current PWM cycle. 


Note: 


When BS = 1, a read-modify-write instruction read this bit as "1" and writes the value "1" back to this bit. 


When a BS bit is automatically cleared by the starting PWM cycle in between read and write, the read-modify-write instruction 
writes "1" to the cleared BS bit again. 


Therefore, values of the registers are loaded in PWM pulse generator and selector even when the BS bit was not set to "1" by 
the end of the next PWM cycle. 


[bit 5 to 3] P2 to PO: Output select bits 


These bits are used to select the output signal for SMCmPn. 


[bit 2 to 0] M2 to MO: Output select bits 


These bits are used to select the output signal for SMCmMn. 


27.7 Operation of Stepper Motor Controller 
Description of the Stepper Motor Controller operation. 


Setting Operation of Stepper Motor Coniroller 
Figure 27-9. Setting of Stepper Motor Controller 


15 14 13 #12 #+%W 10 9 8 7 6 = 5 4 3 2 1 0 
PWCn $2 | P2 |; Pl | PO| CE /SC | — | - 
© © © © 1 © x x 


PWC1n =) fe ee PWM1 H width (compare value) is set. 


PWC2n ee ee PWM2 H width (compare value) is set. 


PWS1n — |— | P2]} Pl | PO) M2) M1 | MO 
x x © © OG © O O 


PWS2n — | BS | P2] Pl | PO | M2 | M1 | MO 
x © © © GO GO O O 


: Used bit 

: Not used bit 
: 1 is set. 

: 0 is set. 

: Channel No. 


30=x © 
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Operation of PWM-pulse generator 


When the counter is started (PWC: CE = 1), the counter starts incrementing from 00, on the selected count clock rising. The 


PWM output pulse wave remains "H" until the value of the counter matches the value set to PWM compare register, and then 
changes to and remains "L" until the value of the counter overflows (FF, --> 00,4). Figure 27-10 shows the PWM waveform 


generated by the PWM generator. 
Figure 27-10. Examples of PWM1 and PWM2 output waveforms 


When the value of compare register is "00H"/"000x"(duty ratio is 0%): 


0001 SFFHOOOn 
Value of counter: 00x FFHOOH ———> 


PWM waveform: j 


When the value of compare register is "80xH"/"200x"(duty ratio is 50%): 


0001 2001 3FFHOOOH 
Value of counter: 001 80H FFHOOH ~~ 


PWM waveform: i | | | 


When the value of compare register is "FFx"/"8FFH"(duty ratio is 99.6%/99.9%): 


000x 3FFHOOOH 
Value of counter: 00H > FFHOOH ———> 
Hi 
PWM waveform: L 
One count k > 


Selection of motor drive signals 


Motor drive signals that are output to each pin related to the Stepper Motor Controller can be selected among four types of 
signals for each pin by setting the PWM selection register. Table 27-2 lists the selection of the motor drive signals and the set- 
tings of PWM selection registers 1 and 2. 


When these registers are set and "1" is written to the BS bit of the PWM selection register 2, the setting of these registers is 
enabled at the end of the current PWM cycle. The BS bit is to be cleared automatically to 0 at the beginning of the next PWM 
cycle. When "1" is written to the BS bit, and the BS bit is cleared to 0 simultaneously at the beginning of the next PWM cycle, 
"1" is written to the BS bit and BS bit clearing is cancelled. 


Table 27-2. Motor drive signals selection and PWM Selection registers 1 and 2 setting 


PWM2P Output PWM1M Output 
P2, P1, PO Bits M2, M1, MO Bits 
PWM1P ST PWM2M oe 


fooB sid ee 


0018 a 
1XXB High impedance High impedance 
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27.8 Notes on Using Stepper Motor Controller 


The cautions when using the Stepper Motor Controller are described below. 


Cautions when Changing the PWM Setting 


PWM Compare register 1 (PWC1x), PWM Compare register 2 (PWC2x), PWM Selection register 1 (PWS1x), and PWM 
Selection register 2 (PWS2x) can always be accessed. To change the setting of the PWM’s "H" width or PWM output, write 
the setting values to these registers, then set the BS bit of PWM Selection register 2 to "1" (or do this simultaneously). 


If the BS bit is set to "1", the new setting value will become effective at the end of the current PWM cycle, and the BS bit is 
automatically cleared. 


If setting the BS bit to "1" and resetting the BS bit at the end of the PWM cycle both occur at the same time, writing "1" has pri- 
ority and resetting the BS bit will be cancelled. 


The PWM compare registers 1 and 2 (PWC1x, PWC2x) and the PWM selection registers 1 and 2 (PWS1x, PWS2x) can be 
accessed at any time. However, to change setting of the "H" width of PWM or to change the PWM output, "1" must be written 
to the BS bit of the PWM2 selection register after (or and at the same time) a setting is written to those registers (the PWM 
compare register 1 and 2 and the PWM selection register 1 and 2). 


When "1" is set to the BS bit, the new setting is enabled at the end of the current PWM cycle and the BS bit is cleared auto- 
matically. 


Also, when "1" is written to the BS bit and the BS bit is reset at the end of the PWM cycle simultaneously, "1" is written to the 
BS and resetting of the BS bit is cancelled. 
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This chapter explains the functions and operations of the sound generator. 
28.1 Outline of Sound Generator 


28.2 Sound Generator Registers 


28.1 Outline of Sound Generator 

The Sound Generator consists of the Sound Control Register, Frequency Data Register, Amplitude Data Register, Decrement 
Grade Register, Tone Count Register, PWM Pulse Generator, Frequency Counter, Decrement Counter and Tone Pulse 
Counter. 


Block diagram of Sound Generator 
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= 
Figure 28-1. Block diagram of Sound Generator 
Peripheral clock CLKP2 FSEL 
Prescaler 8bit PWM pulse Frequency Toggle 
Generator ¢o ‘ counter Flip-Flop 
FSEL=0: 384 counts EN 
FSEL=1: 256 counts PWM 
ln reload reload 1/d e 
Amplitude Data Frequency Data 
register Register 


560 


Decrement 
Counter Cl 


DEC 


Decrement Grade 


register 


Tone Pulse 
Counter 


=| IRQ 
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28.2 Sound Generator Registers 


The Sound Generator has the following registers: 
m Sound Control Register (SGCRn) 

Frequency Data Register (SGFRn) 
Amplitude Data Register (SGARn) 
Decrement Grade Register (SGDRn) 

Tone Count Register (SGTRn) 


Sound Generator registers 


Figure 28-2. Overview of Sound Generator registers 


14 oa SGCRHn 


15 13° 12 0 9 8 
Initial value 
Es ee eal XXX X 1 0.04 
RW - - - E 


RW RR RW 
SGCRn 


SGCRLn 


7 6 5 4 3 2 1 0 
Initial value 
st TONE OE1 | INTE] INT| ST 
| st | s» frove oz] oer] wre] wir] sr | 00000000, 


R/W R/W RW RW RW R/W RW RW 


fF Baan 
[07 | 8] 5] D4] D3] ba] 1] bo] Initial value 
XX XX XXX Xy 


R/W R/W RAW RW R/W R/W RW R/W 


SGFRn 


7 6 5 4 3 2 1 0 
je | 6 [5 [|| ba) 1] 00 | ex 
XXXX XXX Xy 


R/W R/W R/W RW RW RWW R/W R/W 


SGTRn 


7 6 5 4 3 2 1 0 
s[os[efeofne[ aos] es 
XXXXK XXX Xy 


R/W R/W RAW RW RW RW RW R/W 


7 6 5 4 3 2 1 0 SGDRn 
R/W — : Readable and writable Initial value 
R : Read-only (write has no effect) } 7 | ps | 05 | D4] D3 | 02] 01] Do | XXXXXXX Xy 
x : Undefined value RW RW RW RW RW RW RW RW 


- : Undefined 


Note: 


The Sound Generator Control Register SGCRn can be accessed as a 16-bit register or as two 8-bit registers SGCRHn and 
SGCRLn. 


28.2.1. Sound Generator Control Register (SGCRn) 


The Sound Control Register (SGCRn) controls the operation status of the Sound Generator by controlling interrupts and set- 
ting the external output pins. 
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Sound Generator Control Register (SGCRHn) 
Figure 28-3. Configuration of the Sound Generator Control Register (GGCRHn) 


14 $13 #12 11 1 SGCRHn 


15 0 68 8 
Initial value 
res - | - | - | - [roe XXXXX100 
RW oa - -— RW R_ R/W 

: i bit 8 

Auto-decrement enable bit 
Auto-decrement disabled 


Auto-decrement enabled 


BUSY Busy bit 


Operation completed 


Generator busy 


384 count 
256 count 


RESV Reserved bit 


always write ‘0’ to this bit 
1 


R/W : Readable and writable 
R : Read only 
- : Undefined 

: Initial value 


Sound Generator Control Register (SGCRHn) contents 


Table 28-1. Function of each bit of the Sound Generator Control Register (SGCRHn) 


Reserved bit This is a reserved bit. Always write "0" to this bit. Read value is undefined. Read-Modify-Write is not affected. 


This bit switches the count value of the PWM counter between 256 and 384. Stop operation when switching the 
count value. After FSEL is switched, set the amplitide data, frequency data, decrement grade and tone register 
again. 

0: 384 count 

1: 256 count 


FSEL: PWM counter 
switching bit 


BUSY: This bit indicates whether the Sound Generator is in operation. This bit is set to "1" upon the ST bit is set to "1". 
‘ It is reset to "0" when the ST bit is reset to "0" and the operation is completed at the end of one tone cycle. Any 
Busy bit write instructions performed on this bit has no effect. 


The DEC bit is prepared for an automatic degradation of the sound in conjunction with the Decrement Grade 
DEC: Register. 


Auto-decrement enable If this bit is set to "1", the stored value in the Amplitude Data Register is decremented by 1(one), every time 
bit when the Decrement counter counts the number of tone pulses from the toggle flip-flop specified by the Decre- 
ment Grade register. 
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Sound Generator Control Register (SGCRLn) 
Figure 28-4. Configuration of the Sound Generator Control Register (SGCRLn) 


Sound Generator 


fe oo 2 78 §6-8GeRtn 
Initial value 
0000000 0s 
R/W R/W R/W R/W R/W R/W R/WsSOR/W 


1 ' 1 1 : bit 0 


ee a 


a ae bit 1 


; 1 : 0 Stop operation 
; : ; 1 Start operation 


Interrupt bit 


read 
no interrupt 


write 
clear interrupt 


interrupt request 


no effect 


INTE Interrupt enable bit 


0 Interrupt disabled 


' 1 Interrupt enabled 


' Amplitude output enable bit 
General purpose pin 
SGA Output enbaled 


: Sound output enable bit 
' : 0 General purpose pin 
1 SGO Output enabled 


“ TONE Tone output 


: Tone and PWM mixed 
‘ SGO outpu 


5 bit 7 bit 6 
pate de hess ate ee so Operation clock select 
1 1/2 Peripheral clock CLKP2 
R/W : Readable and writable 0 1/4 Peripheral clock CLKP2 
Initial value 1 1/8 Peripheral clock CLKP2 
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Sound Generator Control Register (SGCRLn) contents 


Table 28-2. Function of each bit of the Sound Generator Control Register (SGCRLn) 


$1, SO: 


Operation clock select 
bits 


OE2: 
Sound output enable bit 


OE1: 


Amplitude output enable 
bit 


INT: 
Interrupt bit 


ST: 
Start bit 


Clock input 

Peripheral clock CLKP2 

1/2 Peripheral clock CLKP2 
1/4 Peripheral clock CLKP2 
1/8 Peripheral clock CLKP2 


When this bit is set to "1", the SGO signal becomes a simple square-waveform (tone pulses) from the toggle flip-flop. 
Otherwise it is the mixed (AND logic) signal of the tone and PWM pulses. 


When this bit is set to "1", the external pin is assigned as the SGO output. Otherwise the pin can be used as a gen- 
eral purpose IO. To enable the SGO output, the corresponding bit of the Port Direction register should also be set to 
m4" 

When this bit is set to"1", the external pin is assigned as the SGA output. Otherwise the pin can be used as a gen- 
eral purpose IO. To enable the SGA output, the corresponding bit of the Port Direction register should also be set to 
my" 

The SGA signal is the PWM pulses from the PWM pulse generator representing the amplitude of the sound. 


This bit enables the interrupt signal of the Sound Generator. When this bit is "1" and the INT bit is set to "1", the 
Sound Generator signals an interrupt. 


This bit is set to "1" when the Tone Pulse counter counts the number of the tone pulses specified by the Tone Count 
register and Decrement Grade register. 

This bit is reset to "0" by writing "0". Writing "1" has no effect and Read-Modify-Write instructions always result in 
reading "1". 

This bit is for starting the operation of the Sound Generator. While this bit is "1", the Sound Generator perform its 
operation. 

When this bit is reset to "0", the Sound Generator stops its operation at the end of the current tone cycle. The BUSY 
bit indicates whether the Sound Generator is fully stopped. 

When this bit is changed from "0" to "1", the value of Frequency Data register, Amplitude Data register, Decrement 
Grade register, and Tone Count register is loaded into each counter. 


28.2.2 Amplitude Data Register (SGARn) 


The Amplitude Data Register (SGARn) stores the reload value for the PWM pulse generator. The register value represents 
the amplitude of the sound. The register value is reloaded into the PWM pulse generator at falling edge of tone signal. 


Amplitude Data Register (GGARn) 


7 0 SGAR 


6 5 4 3 2 1 
[07] 05} os] D4] p3] p2] D1] 0} nia value 


XXXXXXXXs 
R/W R/W R/W R/W R/W R/W R/W R/W= 


When the DEC bit is "1" and the Decrement counter reaches its reload value, this register value is decremented by 1(one). 
When the register value reaches "00", further decrements are not performed. However the Sound Generator continues its 


operation until the ST bit is cleared. 


Figure 28-5 and Figure 28-6 show the relationship between the register value and the PWM pulse. 
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Figure 28-5. Relationship between SGARn value and PWM Pulse (FSEL=1) 


Sound Generator 


Register value 


00h 


FEh 


FFh 


One PWM cycle 
256 input clock cycles 


~t 


2 a 


One input clock cycle 


129 input clock cycles 


255 input clock cycles 


256 input clock cycles 


When the register value is set to "FF", the PWM signal is always "1". 


Figure 28-6. Relationship between SGARn value and PWM Pulse (FSEL=0) 


Register value 


00h 


Oth 


BEh 


BFh 


COh 


One PWM cycle 


384 input clock cycles 


2 re (i 


One input clock cycle 


es |e | 


3 input clock cycles 


381 input clock cycles 


383 input clock cycles 


384 input clock cycles 


Note: 


When SGCRHn:FSEL is "0", the PWM signal is always set to "1" for CO, to FFy. 
When SGCRHn:DEC is "1", the PWM signal will fluctuate due to signal decrementation if the SGARn value is set to value 


greater than COy. 
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28.2.3. Frequency Data Register (SGFRn) 


The Frequency Data Register (SGFRn) stores the reload value for the Frequency counter. The stored value represents the 
frequency of the sound (or the tone signal from the toggle flip-flop). The register value is reloaded into the counter at Fre- 
quency counter underflow and PWM pulse generator underflow. 


The following figure shows the relationship between the tone signal and the register value. 


Frequency data register (SGFRn) 


7 6 5 4 3 2 1 0 
SGFR 
jo7| ps] os] 4] os} 02] 01/00] ina vate 


XXXXXXXX, 
R/W R/W R/W R/W R/W R/W R/W R/W 


Figure 28-7 shows the relationship between a tone signal and a register value. 


Figure 28-7. Relationship between tone signal and SGFRn value 


One Tone Cycle 
~<" a 


Tone signal | | | 


(register value+1) x | (register value+1) x 
One PWM cycle | One PWM cycle 
- IQ ee - 


It should be noted that modifications of the register value during operation may alter the duty cycle of 50% depending on the 
timing of the modification. 


28.2.4 Tone Count Register (SGTRn) 


The Tone Count Register (SGTRn) stores the reload value for the Tone Pulse counter. The Tone Pulse counter accumulates 
the number of tone pulses (or number of decrement operations) and when it reaches the reload value it sets the INT bit, 
reducing the frequency of interrupts by the number of programmed tones. The register value is reloaded into the counter at 
Tone Pulse counter underflow, Decrement counter underflow, and falling edge of tone signal. 


Tone Count Register (SGTRn) 


: e SGTR 


6 5 4 3 2 1 
[07] 06} 05] 4{03}02| 01] D0} tat valu 


XXXXXXXXe 
R/W R/W R/W R/W R/W R/W R/W R/W 


The count input of the Tone Pulse counter is connected to the carry-out signal from the Decrement counter. When the Tone 
count register is set to "00", the Tone Pulse counter sets the INT bit every carry-out from the Decrement counter. Thus the 
number of accumulated tone pulses is: 


((Decrement Grade register) + 1) x ((Tone Count register) + 1) 


i.e. when both registers are set to "00", the INT bit is set every tone cycle. 
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28.2.5 Decrement Grade Register (SGDRn) 


The Decrement Grade Register (SGDRn) stores the reload value for the Decrement counter. It automatically decrements the 
reload value of the Amplitude Data register to reduce the frequency of interrupts. The register value is reloaded into the 
counter at Decrement counter underflow and falling edge of tone signal. 


Decrement Grade Register (SGDRn) 


7 6 5 4 3 2 1 0 
SGDR 
jos] 04] 03} 02] 01] 00] ital value 


XXXXXXXXe 
R/W R/W R/W R/W R/W R/W R/W R/W 


When the DEC bit is "1" and the Decrement counter counts the number of tone pulses up to the reload value, the stored value 
in the Amplitude Data register is decremented by 1(one) at the end of the tone cycle. 


This operation realizes automatic degradation of the sound with fewer number of CPU interventions. 


It should be noted that the number of the tone pulses specified by this register equals to "register value + 1". When the Dec- 
rement Grade register is set to "00", the decrement operation is performed every tone cycle. 
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This chapter explains the functions and operation of the USB Function. 
29.1 USB Function Overview 


29.2 USB Function Block Diagram 
29.3 USB Function Register Description 


29.4 Description of the USB function operation 


29.1 USB Function Overview 


The USB Function is an interface that supports the USB (Universal Serial Bus) 1.1 communication protocol. Only Full speed 
transfer (12 Mbps) is supported. 


Features of USB Function 


m Full speed (12 Mbps) is supported, corresponds to USB Full Speed. 

Automatically responds to the Device Status commands.. 

Bit stripping, bit stuffing and automatic generation and check of CRC5 and CRC16. 
Toggle check by data synchronization bit. 


Automatic response to all standard commands except GetDescriptor, SetDescriptor and SynchFrame commands. These 
commands can be processed the same way as the class vendor commands. 


m Theclass vendor commands can be received as data and handled by firmware. 
m Supports up to six endpoints (endpoint 0 is fixed for control transfers). 


m Two built-in transfer data buffers for each endpoint. Each of the two built-in buffers dedicated to IN and OUT, respectively 
for endpoint 0. 


m Supports automatic transfer mode for DMA data transfer (except buffers for endpoint 0). 


29.2 USB Function Block Diagram 


Description of the USB Function. 


Block Diagram of USB Function 
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Figure 29-1. Block Diagram of USB Function 


Internal 
Endpoint 0 Data Bug 


In Buffer 


Endpoint 0 
Out Buffer 


Endpoint 1 Interrupt 


Buffer 
Endpoint 2 S| 


Buffer 


CLKP3 ( UDC Inter- 
face | | Endpoint 3 


HCONX Buffer 
Pin 


Endpoint 4 
Buffer 


Endpoint 5 
Buffer 


asn 


Pin |<< po 


AYG 


Pin |<< 


ae Mode sig- CPU interface 
na 


UDCCn register 
UDCSn register 
TMSPn register Interrupt 
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29.3. USB Function Register Description 
Description of the USB function registers. 
Register List of the USB function 


Table 29-1. Register List 


UDCIEn 


EPoISn 


EPO0OSn 


EP1Sn 


EP2Sn 


EP3Sn 


EP4Sn 


EP5Sn 


EPODTn 


EP1DTn 


EP2DTn 


EP3DTn 


EP4DTn 


EP5DTn 
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Table 29-2. Registers of USB function 


bit 


7 6 5 4 3 2 1 0 
UDG control register (UDCCn) 


bit 


15 14 13 12 11 10 9 8 


bit 


i 
fop) 
oa 
iN 
wo 
ie) 
= 
oO 


Reserved PKSO EPO control register (EPOCn) 


bi 


it 15 14 13 12 11 10 9 8 
po - | | Reserved | Reserved | STAL | Reserved | 


bit 
PKS 1 EP1 control register (EP1Cn) 


rat 
Oo 
oi 
iN 
wo 
ie) 
a 
oO 


14 13 


12 11 10 9 8 
ePeN | type |viR_|_ pwc | Nute | sTAL | PKSt_| 


bit 
Reserved 


fop) 
oa 
iN 
wo 
ie) 
a 
oO 


PKS 2 EP2 control register (EP2Cn) 


14 13 


12 11 10 9 8 
ePEN | type |_viR’_|_pmac | NuLe | STAL | Reserved | 


bit 


fop) 
ol 
iN 
wo 
ie) 
= 
oO 


Reserved PKS 3 EP3 control register (EP3Cn) 


i 15 
| EPEN | 
7 
| Reserved | 
i 15 
| EPEN | 
7 
| Reserved | 
i 15 


= 
wo 


12 


11 10 9 8 


: 3 
oD 
oa 
° 5 
wo 
ne) 
=e 
oO 


bit 


Reserved PKS 4 EP4 control register (EP4Cn) 


=e 
oa 


= 
wo 


: 3 
o 
o 
° 5 
wo 
ine) 
= 
fo} 


12 


11 10 9 8 


bit 


Reserved PKS 5 EP5 control register (EP5Cn) 


= 
oa 


= 
wo 


: 3 
[op 
oa 
. 5 
wo 
Po 
= 
oO 


12 


11 10 9 8 


Time stamp register (TMSPn) 


=e 
ms 
ae 
wo 
= 
ine) 
a 
a 
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Table 29-2. Registers of USB function 


o 
ol 
iN 
wo 


Cc 
iw) 
[o) 
7) 
2 
iy 
= 
i= 
n 
= 
7) 
© 
@ 
Q 
® 
g 


2 
SUSP SOF BRST WKUP SETP CONF 


=e 
Oo 


ister (UDCSn) 


bit 15 14 13 12 1 10 9 8 
SUSPIE | SOFIE | BRSTIE | WKUPIE | CONFN | CONFIE | UDC interruption permission 


register (UDCIEn) 


bit 


7 6 5 4 3 2 1 0 
po | Pt status register (EPOISN) 


bit 


15 14 13 12 11 10 9 8 
| print [| prove | - | - | - [ ora | - | - 


bit 


i 
o 
oi 
iN 
wo 
ine) 
a 
fo) 


Reserved SIZE EPOO status register (EPOOSn) 


bit 


15 14 13 12 11 10 9 8 
| Brin’ | DRaoE | sPKie | - | - | DRACO | sPK_| Reserved 


i 7 6 5 4 3 2 1 0 


15 14 13 12 11 10 9 8 
| Brin’ | DRGIE | SPKIE | Reseved| BUSY | DRQ | sPK | SIZE __ 


SIZE EP1 status register (EP1Sn) 


bit 


bit 


i 
o 
oa 
iN 
wo 
ie) 
= 
fo) 


Reserved SIZE EP2 status register (EP2Sn) 


bit 


15 14 13 12 11 10 9 8 
| Brin’ | DRGIE | SPKIE | Reseved| BUSY | DRQ_ | SPK | Reserved 


bit 
Reserved 


i 
fo) 
oa 
iN 
wo 
ie) 
a 
(o) 


SIZE EP status register (EP3Sn) 


bit 


15 14 13 12 11 10 9 8 
| BFIN| | DRQIE | SPKIE | Reseved| BUSY | DRQ_ | SPK | Reserved _ 


bit 


i 
o 
oa 
iN 
wo 
ie) 
a 
fo) 


Reserved SIZE EP4 status register (EP4Sn) 


bit 


15 14 13 12 11 10 9 8 
| BFIN| | DRGIE | SPKIE | Reseved| BUSY | DRQ_ | SPK | Reserved _ 


~l 
o 
oa 
iN 
wo 
ie) 
= 
fo) 


bit 


Reserved SIZE EP5 status register (EP5Sn) 


bit 


15 14 13 12 11 10 9 8 
| Brin! | DRQIE | SsPKIE_| Reserved | Busy | DRQ_| spk | Reserved | 
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Table 29-2. Registers of USB function 


EPO data register (EPODTn) 


EP 1 data register (EP1DTn) 


EP 2 data register (EP2DTn) 


EP 3 data register (EP3DTn) 


EP 4 data register (EP4DTn) 


EP 5 data register (EP5DTn) 


i 7 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
i 7 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
i eA 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
i 7 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
i 7 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
i 7 6 5 4 3 2 1 0 
i 15 14 13 12 11 10 9 8 
[ror 


574 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


em 


wea CYPRESS 


ce EMBEDDE 


29.3.1 


DIN TOMORROW 


UDC Control Register (UDCCn) 


UDC control register (UDCCn) controls the UDC (USB Device Controller Core) circuit. 


UDC Control Register (UDCCn) 
Figure 29-2. UDC Control Register (UDCCn) 


7 6 5 4 3 2 1 0 


R/W 


Initial Value: 
RST RESUM | HCONX | USTP |Reserved/Reserved| RFBK PWC. 

10100000, 
R/W R/W R/W R/W - - R/W R/W 

bitO 


Power supply control bit 


Bus powered device 


1 Self powered device 


bit1 
RFBK Data toggle mode bit (Rate feedback mode) 
Alternation data toggle mode 
1 Data toggle mode 


bit2 &3 


p> iReserved| Reserved 


0 Always write "0" to this bit 
bit4 
>[uste [| ____USBoperation dlookstepbt____—_—_—| 


1 Stops the clock of the USB function 


bit 


HCONX Host connection bit 


0 Connect to the HOST or HUB 
Disconnect from the HOST or HUB 


bité 


~|RESUM Resume setting bit 


Clear the RESUM bit 
1 Start USB resume 


bit7 


RST Function reset bit 
0 Release the reset of USB function 
Reset USB function 

15 14 13 12 11 10 9 8 

Initial Value: 

Reserved]Reserved|Reserved|Reserved|Reserved|Reserved|Reserved|Reserved 
000000008 
bit8 to 15 


P Reserved] Reserved 
| 0 | Always write "0" to this bit 


: undefined value 
: Readable and writable 


: Initial value 
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The following describes the function of each bit in the UDC control register (UDCC). 


pitas Rumen 


- Reset the whole USB function. 


Apply a reset to the USB Function by setting the RST bit to "1" when connecting a 
cable to the HOST. 


As the initial value of this bit is "1" i.e the USB function is reset, write "0" to this bit to 
release the USB function from its reset status. 


RST bit initializes the corresponding bits of the timestamp register, UDC status regis- 
ter, and interrupt enable register at once. In addition, since it initialises BFINI bit of 
EPOI, EPOO, and EP1 to EP5 status registers at the same time, first clear the RST bit 
(which does not clear the BFINI bits) after initialization and then clear the BFINI bit of 
the endpoint used. 


When the USB function is in remote Wake-up enabled status (or DEVICE_RE- 
MOTE_WAKEUP feature is set with the SET_FEATURE command by the host) and is 
Bité6 in suspend state, the resume operation is started by writing 1 to the RESUM bit. For 


resume of the USB function, please set the RESUM bit to "1" and then clear the 
RESUM bit to "0". 


Controls a switch between an external pull-up resistor and the USB data line to make 
the HOST or HUB recognize that USB function is connected. 

Bits Even if the external pull-up resistor is ON and the Host or Hub recognizes that USB 
function is connected, USB Function module ignores the bus reset and the command 
on the USB bus when the HCONX bit is set to "1". 


Stops the clock to the USB function. 


Setting the USTP bit to "1" stops the clock to the USB module to reduce power con- 
sumption. 


When you set USTP bit to "1" but are not going to select STOP mode after it, at first 
set RST bit to "1" and wait for 3 cycles to make sure that the USB module is reset, and 
then set USTP bit to "1". Clearing the USTP bit and the RST bit at once is OK. 


+ Please write "0". The bit always reads "0". 
+ Please write "0". The bit always reads "0". 


This bits selects the Data Toggle mode. 
Bit! RFBK If set to "0" it toggles the data PID between DATAO and DATA1 only when the transfer 
has been successfully completed. 
If set to "1" it toggles the data PID between DATAO and DATA1 unconditionally. 
+ This bit specifies the power supply mode (self or bus powered) for the USB function. 
Bito PWC (The setting of the PWC bit is reflected in the standard usb command: GetStatus com- 
mand). 


Note: Bits of the UDC control register (UDCCn) must not be changed when RST =’1’ except RESUM and USTP bit. Do not 
change them while the USB is operating. Set and reset RESUM bit only when USB is in suspend mode and Remote Wake- 
up is allowed (DEVICE_REMOTE_WAKEUP bit is set by the SET_FEATURE command from the Host). When stop mode is 
selected, set USTP bit before entering the stop mode. After the stop mode is cancelled, clear the SUSP bit to "0" and then 
clear the USTP bit to "0". 
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29.3.2 EPO Control Register (EPOCn) 


EPO control register (EPOCn) is used to control the operation of endpoint 0. 


EPO Control Register (EPOCn) 
Figure 29-3. EPO Control Register (EPOCn) 


7 6 5 4 3 2 1 0 


Initial Value: 
Reserved] PKSO PKSO PKSO PKSO PKSO PKSO PKSO 
010000008 
- RW R/AW RW RW RW RW R/W 
| | bitO to 6 


>| PKSO EPO packet size setting bits 


Initial value 
Packet size value 
bit7 


— 
| 0 | Always write "0" to this bit 


15 14 13 12 11 10 9 8 


Initial Value: 
Undef Undef Undef Undef |Reserved/Reserved| STAL |Reserved 
xxxx0000p8, 
X xX xX X 7 - R/W * 
bit8, 10 & 11 


re 
bit9 
L_s[sTa[——SSSCSTALLsotingbt—— 
Cancel STALL state 
1 Set STALL state (STALL response) 
bit12 to 15 


P| Undef Undefined 
X : undefined value x Writing has no effect on operation. reading is indeterminate, 


R/W : Readable and writable 


: Initial value 


Note: 


Ensure that you must set the EPO control register (EPOCn), except bit 9 STAL, when both RST of the UDC control register 
(UDCCn) and BFINI bit of the EPOI/EPOO status register (EPOISn / EPOOSn) are "1" . Changing EPOCn is not allowed while 
the USB is operating. 
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Bit15-12 Undefined * Writing has no effect on operation. Reading is indeterminate. 
Bit11-10 «Always write "0". These bits always read "0". 


* Setting the STAL bit to "1" can put endpoint 0 in STALL state (STALL response). 
Bit9 STAL * The STALL response is sent to the host till the STAL bit is set to "1". The USB Function returns from STALL state when it 
receives a normal SETUP packet after the STAL bit is cleared by writing "0" to it. 


Bit8-7 + Always write "0". These bits always read "0". 
It specifies the maximum number of bytes that can be transferred per packet. The maximum number of transfer bytes per 
; packet for EndPoint0 is 64 bytes, which is acommon setting for both IN and OUT packet transfers. Example: "08,"—8 Byte, 
Bit6-0 PKSO "404"->64 Byte (maximum specified value) 
+ Value should always be greater than "00," and less than or equal to the maximum number of transfer bytes (40}). 


29.3.3. EP1 to EP5 Control Register (EP1Cn to EP5Cn) 
EP1 to EP5 Control Register (EP1Cn to EP5Cn) are used to control the operation of endpoints 1 to 5. 


EP1 to EP5 Control Register (EP1Cn to EP5Cn) 
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Figure 29-4. EP1 Control Register (EP1Cn) 
7 6 5 4 3 2 1 0 


Initial Value: 
PKS1 PKS1 PKS1 PKS1 PKS1 PKS1 PKS1 PKS1 
00000000, 
R/IW R/W R/W R/W R/W R/W R/WR/W 
bit0 to 6 


>| PKS1 EP1 packet size setting bits 


Initial value 
Packet size value 


15 14 13 12 11 10 9 8 


Initial Value: 
EPEN TYPE TYPE DIR DMAE NULE STAL PKS1 
01100001, 
R/W R/W R/W R/W R/W R/W RW R/W 
bit8 
LL PKS1 EP1 packet size setting bits 


initial value 
1 Packet size value 


bit9 


STAL STALL set bit 


Release the STALL state (STALL response) 
Set the STALL state (STALL response) 


NULE NULL automatic transfer enable bit 


NULL automatic transfer mode disable 


NULL automatic transfer mode enable 


bit11 
>| DMAE DMA automatic transfer enable bit 


DMA automatic transfer disabled 


1 DMA automatic transfer enabled 
bit12 


Endpoint direction selection bit 


OUT EndPoint (for mini-host mode IN EndPoint)) 
1 IN EndPoint (for mini-host mode OUT EndPoint) 


bit13 to 14 


00 Prohibited 
01 Prohibited 
10 Bulk transfer 


DIR 


Interrupt transfer 
bit15 
EPEN Endpoint Enable bit 


x : undefined value 
R/W : Readable and writable 


| : Initial value 


EndPoint 1 invalid 
EndPoint 1 is enabled 


1 
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Figure 29-5. EP2 to EP5 Control register (EP2Cn to EP5Cn) 


580 


7 6 5 4 3 2 1 0 " 
Initial Value: n= 2..5 
Reserved] PKSn PKSn PKSn PKSn PKSn PKSn PKSn 
01000000, 
- R/W R/W R/W R/W RW RW R/W 
bit to 6 
PKSn EPn packet size bits 
Initial value 
value | Packet size value 
bit7 
> lReserved| Reserved 
0 Always write "0" to this bit 
15 14 13 12 11 10 9 8 say 
Initial Value: 
EPEN TYPE TYPE DMAE NULE STAL |Reserved 
01100000, 


R/IW RAW R/W R/W RW RW R/W 


bits 
Se 
| 0 | Always write "0" to this bit 


bit9 
Release the STALL state (STALL response) 
Set the STALL state (STALL response) 


NULE NULL automatic transfer enable bit 


NULL automatic transfer mode disable 


NULL automatic transfer mode enable 
bit11 


>| DMAE DMA automatic transfer enable bit 


DMA automatic transfer disabled 


1 DMA automatic transfer enabled 
bit12 


DIR Endpoint direction selection bit 


OUT EndPoint(for mini-host IN EndPoint, only EndPoint2) 
1 IN EndPoint(for mini host OUT EndPoint,only EndPoint2) 


bit13 to 14 


Endpoint transfer type bits 
00 Prohibited 

01 Prohibited 

10 Bulk transfer 


Interrupt transfer 


x : undefined value 
R/W : Readable and writable 
: Initial value 


bit15 
EPEN Endpoint Enable bit 


EndPoint n is invalid 
EndPoint n is enabled 


1 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sn CYPRESS 


“a «= EMBEDDED IN TOMORROW USB Function 


Note: 


EP1 to EP5 control registers (EP1Cn to EP5Cn) except DMAE, NULE, and STAL bits must be configured only when both 
UDCCn:RST bit and EPxSn:BFINI are "1". Do not write to these registers while the USB is operating. 


Below a description of the function of each bit in the EP1 to EP5 control register (EP1Cn to EP5Cn). 


* Endpoint enable. Setting the EPEN bit allows an endpoint to be configured by the host 
Bit15 EPEN as an end point for use in the USB Function. When this bit is set to "1", TYPE, DIR, 
and PKS of the EP1 to EP5 control registers become valid for configuration. 
aaS * These two bits specify the transfer type for the corresponding endpoint, i.e Bulk or 
Bilas13 TNEE Interrupt transfer. 


+ This bit specifies the transfer direction of the endpoint 
* For USB function, writing "1" to this bit configures the corresponding End Point as IN 
Bit12 endpoint. Writing "0" configures the endpoint as OUT endpoint. 
+ In USB Host mode, only End Point 1 and 2 are valid. Writing "0" to this bit in host 
mode configures the corresponding End Point as IN endpoint and writing "1" to this bit 
configures the End Point as OUT endpoint. 


* DMA automatic transfer mode enable bit. 
If enabled, the DMA handles automatically the transmission and reception of data in 
sync with IN and OUT data requests from the HOST until the data bytes equal to the 
number set in DCT register of DMA is transferred. See chapter 29.4.6 DMA Transfer 
Bit11 Function for details. 
* Access to transmit and receive buffers by CPU is forbidden while the DMAE bit is set. 
Set the number of DMA transfer data to a multiple of the value set in the PKS bits of 


EP1 to EP5 control registers (EP1Cn to EP5Cn) when the endpoint is used for OUT 


transfer. 


+ Enable NULL transfer. See chapter 29.4.7 NULL Transfer Function for details. 
« During IN transfer , the last packet transfer will be detected and a 0-byte data packet 
BittO NULE will be automatically sent when IN data transfer request arrives from the host and the 
automatic buffer transfer mode is set (DMAE=1). 
* NULE bit has no effect on communications when transferring data to OUT direction or 
when the automatic buffer transfer mode is disabled. 


+ Set the endpoint in STALL status (STALL response). 
* When the STAL bit is set, the USB function will respond to any requests from the 
Bit9 STAL HOST with a STALL handshake packet . The USB Function can return from STALL 
status after receiving a ClearFeature command from the host after the STAL bit is 
cleared by writing "0" to this bit. 


. Reserved for EP2 to EP5 
Bit8 Reserved 


Always write "0" to this bit. 


. + Reserved for EP2 to EP5 
Bit7 Reserved , ee 
+ Always write "0" to this bit. 


+ This bit specifies the maximum number of bytes that can be transferred per packet. 
The following table shows the maximum number of bytes per packet to be transferred 
which can be specified for each endpoint: 
Endpoint | Max number of transfer Possible values 
BitO-8: 
EPICn 256 bytes 001h to 100h 
PK 
: 64 bytes O1h to 40h 
BitO-6: 
EP2Cn-EP i 
Cheech Value should always be greater than "00H" and less than or equal to the maximum 
number of transfer bytes (100H or 40H). 
"00" must be written in bits 7 and 8 for endpoints 2 to 5. 
When the Data number automatic transfer mode is selected (DMAE=1), setting value less than 
3 in the corresponding end point is forbidden. 
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29.3.4 Time Stamp Register (TMSPn) 


The time stamp register (TMSPn) displays a frame number when a SOF packet is received. 


Time Stamp register (TMSPn) 
Figure 29-6. Time Stamp register (TMSPn) 


7 6 5 4 3 2 1 


Initial Value: 
TMSP. TMSP. TMSP TMSP TMSP. TMSP. TMSP TMSP 
00000000, 
R R R R R R R R 
bit0 to 6 


TMSP Time stamps bits 


Initial value 
Time stamp value 


15 14 13 12 11 10 9 8 


Initial Value: 
Undef Undef Undef Undef Undef TMSP TMSP | TMSP 
XXXXxXx000p, 
x X x x X R R R 
bit8 to 10 


TMSP Time stamp bits 


Initial value 


value | Time stamp value 


bit11 to 15 


ns ad Gell <1) Undefined 
0 Always write "0" to this bit 


Xx : undefined value 
R : Read only 
: Initial value 


The functions of each bit of the time stamp register (TMSPn) are described below. 


Bit15-11 Undefined * No functionality 


: + — It contains the Frame number of the current SOF packet. These bits are used when a 
Bin O-0 TMSP. SOF packet is received. 
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29.3.5 UDC Status register (UDCSn) 


The UDC Status Register (UDCSn) indicates the status of the USB communication. Each bit in the register, except SETP indi- 
cates an interrupt factor and raises an interrupt to the CPU if the corresponding interrupt enable bit in the UDC Interruption 
Enable register (UDCIEn) is set. 


UDC Status Register (UDCSn) 
Figure 29-7. UDC Status register 


7 6 5 4 3 2 1 0 


Initial Value: 


xx000000p 


Undef Undef | SUSP SOF BRST | WKUP | SETP | CONF 


X xX RW RW RW RW RW RW 
(X)  (X) (0), ()— (0) (O)— (0) 0) RST Reset 
bito 


Configuration detection bit 
Writing:clear the bit. Reading:SetConfig not detected 
SetConfig is detected 


bit1 
Writing:clear the bit. Reading:SETUP stage not detected 
1 SETUP stage detected 
bit2 
Writing: clear the flag.Reading: no wakeup from host 
1 Wakeup from Host detected 
bit3 
Writing:clear the bit.Reading:USB Bus reset not detected. 
USB bus reset detected 


1 


bit4 
SOF SOF reception detection bit 

Writing: clear the bit.Reading: SOF packet not received 

1 SOF packet is received 
bit 


SUSP Suspend detection bit 


Writing:clear the bit.Reading:Suspend status not detected 
1 Suspend status detected 


bit6 and 7 


Undef Undefined 
Xx : undefined value Xx Writing has no effect. Reading is indeterminate. 


R/W : Readable and writable 
: Initial value 
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The following describes the function of each bit in the UDC status register (UDCSn): 


Bit7-6 Undefined * No functionality 


* This flag indicates that the USB function is in suspend mode. SUSP bit triggers the 

USB_F10 interrupt. 
Bits SUSE Writing "1" is ignored. 

Clear by writing "0" to the bit. "1" is read at the read modification write access. 

Flag indicating the reception of a SOF packet. 

The value of the time stamp register (TMSPn) is updated when SOF is set to "1". 
Bit4 SOF The SOF flag triggers the USB_F10 interrupt. 

Writing "1" is ignored. 

Clear by writing "0" to this bit. "1" is read at the read modification write access. 

This flag indicates the reset of USB bus. It triggers the USB_F10 interrupt. 

Set all USB registers again after initializing the USB function with UDCCn:RST when 
Bit BRST bus reset is detected (BRST = "1"). 

Writing "1" to this bit is ignored. 

Clear by writing "0". "1" is read at the read modification write access. 


This flag indicates that the USB function has returned from the suspend mode. This 

flag triggers the USB_F10 interrupt. 

A remote wake-up (by setting the RESUM bit) or a wake-up request from the HOST 

causes the USB function to return from suspend state. WKUP bit is automatically set 
Bit2 WKUP only by a resume request from the HOST. 

If the RESUM bit in UDCCn register is set to "1", WKUP flag is not set even if wakeup 

is caused by the host. 

Writing "1" is ignored. 

Clear by writing "0". "1" is read at the read modification write access. 

This bit indicates that the received data belongs to the SETUP stage of USB control 

transfer. 

This bit is not set when the USB function automatically responds to any standard com- 
Bitt SETP tans, 

SETP bit does not trigger any interrupt. 

Writing "1" has no effect. 

Clear by writing "0". "1" is read at the read modification write access. 

It is set when the USB command SetConfig has been received and the USB Function 

is configured. 
Bito CONF The COMF bit trigger the USB_F10 interrupt. 

Writing "1" is ignored. 

Clear by writing "0". "1" is read at the read modification write access. 
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29.3.6 | UDC Interruption Enable Register (UDCIEn) 
The UDC Interrupt Enable Register (UDCIEn) is a register that enables each flag in the UDC status register (UDCSn) to trig- 


ger an interrupt. (except the CONFN bit). 


UDC Interrupt Enable register (UDCIEn) 


Figure 29-8. UDC Interrupt Enable Register (UDCIEn) 


(02) =) =) =) =(0) =) 


(0) 


15 14 13 12 11 10 9 8 
Reserved|Reserved] SUSPIE | SOFIE | BRSTIE |WKUPIE | CONFN | CONFIE 
- - R/W R/W RW R/W R R/W 


(0) 


Initial Value: 


00000000, 


RST Reset 


bit8 


CONFIE Configuration interrupt enable bit 


Configuration interrupt disabled 
1 Configuration interrupt enabled 
bit9 


bit10 


KUPIE Wake-up interrupt enable bit 
WKUP resume interrupt desabled 


1 WKUP interrupt enabled 
bit11 


BRSTIE Bus reset interrupt enable bit 


USB bus reset interrupt desabled 
1 USB bus reset interrupt enabled 


bit12 


SOFIE SOF receive interrupt enable bit 
SOF packet interrupt disabled 
1 SOF packet interrupt enable 


bit13 


R : Read only 

x : undefined value 

R/W : Readable and writable 
: Initial value 


SUSPIE Suspend interrupt enable bit 


Suspend interrupt disabled 
1 Suspend interrupt enabled 


bit14 and 15 


+e Reserved Reserved 


0 Always write "0" to this bit 


The function of each bit in the UDC interrupt register (UDCIEn) is described in the following table. 
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- Always write "0" to this bit. Read value of this bit is always "0" 
+ Enable interrupt caused by BRST flag. 


ie foown | + This bit displays the configuration number. 
CONFN * — Itis updated when CONF flag of UDCSn is set by SET_CONFIGURATION command 
from the host. 


29.3.7 EPOI Status Register (EPOISn) 
The EPOI Status Register (EPOISn) displays the status of IN direction transfer for EndPoint 0. 


EPO! Status Register (EPOISn) 
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Figure 29-9. EPOI Status register (EPOISn) 


USB Function 


7 6 5 4 3 2 1 0 94 
Initial Value: 
Undef Undef Undef Undef Undef Undef Undef Undef 
XXXXXXXXB 
SN ee ae ee ee ee BIFNI Reset: 
| bit0 to 7 
>| Undet | Undefined 
No functionality 
15 14 13 12 11 10 9 8 a 
Initial Value: 
BFINI | DRQIIE | Undef Undef Undef DRQI Undef Undef 
10xxx1xXxg 
R/W R/W Xx x x R/W x X BIENI Reset: 
bit8 & 9 


Undef Undefined 
X No functionality 


bit10 


DRQI Transmit Data interrupt request bit 


Writing:clear the bit reading:writing transmit data disabled 
Writing transmit data enable interrupt 


bit11 to 13 


>| Undef Undefined 
X No Functionality 


bit14 


>! DRQIE Transmit Data Interrupt enable bit 


DRQI Interrupt disabled 
DRQI Interrupt enabled 


bit15 


x : undefined value 
R/W : Readable and writable 


: Initial value 


>| BFINI 


Transmission buffer initialization bit 
0 Cancel initialization 


Transmission buffer initialization 


The function of each bit in the EPOI status register (EPOISn) is described in the following. 
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+ — This bit initializes the transmission buffer. 

+ The BFINI bit is automatically set when the RST flag in the UDC Control Register 
(UDCCn) is set to "0". 

Bit15 BENI + When the reset operation has been performed with the UDCCn:RST bit, clear the 

UDCCn:RST bit before clearing the BFINI bit. 

+ The BFINI bit initializes a buffer and the DRQI bit. Before initializing the buffer, please 
ensure that the DRQI or DRQO bit is set to "1" that means there is no access from the 
HOST, and set the STAL bit (if it is necessary). 


DRQI interrupt enable. 
Bit14 DRQIIE 
It enables an interrupt to be triggered when DRQI flag is set. 


Bit13-11 Undefined * No functionality. 


+ This bit indicates that an IN packet has been successfully transferred from the EPO to 
the host. The data has been read out from the transmission buffer, and the next data 
to be transmitted can be written into the buffer. 

+ After the data is written to the transmission buffer, the DRQI must be cleared. 

+ When DRQI = "0", writing "0" is prohibited. 

Bit10 + When DRQI = "1", writing data to the transmission buffer is 
i} 

* enabled. Clearing the DRQI bit indicates that writing data to the transmit buffer is com- 
pleted. If IN packet request is performed when DRQI = "1", NAK response is sent to 
the HOST automatically. So this bit is to be cleared to process IN transfer request. 
The DRQI bit triggers USB_EPOINO interrupt. 

Writing "1" to this bit is ignored. 
Clear by writing "0". "1" is read at the read modification write access. 


Bit9-0 Undefined * No functionality 


29.3.8 EPOO Status Register (EPOOSn) 
The EPOO Status Register (EPOOSn) displays status of OUT direction transfer of the endpoint 0. 


EPOO Status Register (EPOOSn) 
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Figure 29-10. EPOO Status Register (EPOOSn) 


4 6 5 4 3 2 1 0 


Initial Value: 
Reserved] SIZE SIZE SIZE SIZE SIZE SIZE SIZE 
OXXXXXXXB 
pe es ee BIFNI Reset: 
| bit to 6 


SIZE Packet size bits 


Initial value 
Packet size value 


bit7 


CS a ee ee 


| 0 | No functionality 


15 14 #13 #12 #41 «+10 «9+ 8 Initial Value: 
BIFNI | DRQOE | SPKIE Undef Undef DRQO SPK_ |Reserved 1 00xx000g 
BIFNI Reset: 


R/IW RW R/W - - R/W R/W - 
bit8 


L Reserved Reserved 
0 No functionality 


bit9 


SP Short Packet interrupt flag bit 


K : : 
Maximum possible data bytes received 
1 Data less than maximum possible data bytes received 


bit10 


DRQO Received data interrupt flag bit 


Clear the DRQO bit 
Received data successfully 


1 
bit11 & 12 


Undef Undefined 
xX No functionality 


bit13 


Short packet interrupt enable bit 
SPK (Short Packet) interrupt disable 
SPK (Short Packet) interrupt enabled 


bit14 


P>/DROOIE Receive Data Interrupt enable bit 


DRQO interrupt disabled 
1 DRQO interrupt enabled 


bit1S 


BFINI Receive buffer initialization bit 


= : irrelevant 0 Cancel initialization 
Xx : undefined value Receive buffer initialization 
R/W : Readable and writable 


: Initial value R: Read only 


The function of each bit in the EPOO status register (EPOOSn) is described in the following. 
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This bit initializes the receive buffer. 
The BFINI bit is automatically set when the RST bit in the UDC control register 
(UDCCn) is set to "1". 

Bit15 BFINI When the reset operation has been performed with the UDCCn:RST bit, clear the 
UDCCn:RST bit before clearing the BFINI bit. 
The BFINI bit initializes a buffer and the DRQO bit and SPK bit. Before initializing the 
buffer please ensure that the DRQI or DRQO bit is set to "1" that means there is no 
access from the HOST, and set the STAL bit (if it is necessary). 


Bit14 DRQOIE * DRQO interrupt enable. It enables an interrupt to be triggered when DRQO flag is set. 
Bit13 SPKIE * This bit enables interrupt to be triggered when SPK flag is set. 
Bit12-11 Undefined * No functionality. 


* — It indicates that an OUT packet has been successfully received from the host, data 
has been written into the receive buffer and the received data can be read from the 
receive buffer. 

After the receive buffer is read, DRQO must be cleared. 
When DRQO = "0", writing "0" is prohibited. 

Bit10 DRQO When DRQO= "1", receive buffer is not updated. The buffer is enabled to be updated 
when DRQO is cleared. When OUT packet request is performed by the host when 
DRQO bit set to "1", NAK response is sent to the HOST automatically. 

The DRQO bit trigger an interrupt USB_EPOOUTO. 
Writing "1" is ignored. 
Clear by writing "0". "1" is read at the read modification write access. 


This bit indicates that the number of bytes of the data packet successfully received 
from the HOST is less than the maximum packet size value set in EPOCn:PKS. (zero 
length packet will also set this bit). 
Bit9 SPK This bit triggers an interrupt USB_F20. 
Writing "1" is ignored. 
Clear by writing "0". "1" is read at the read modification write access. 
Bit8-7 Undefined * No functionality 
+ When OUT packets have been transferred from host to EPO, the number of data bytes 
; that have been written into the reception buffer is displayed. The SIZE bits are 
Bit6-0 SIZE updated to a valid value when EPOOSn:DRQO flag is set. 
+ Example: 8 bytes > "08", 64 bytes > "40," (maximum value) 


29.3.9 EP1 to EP5 Status Register (EP1Sn to EP5Sn) 
The EP1 to EP5 Status Registers (EP1Sn to EP5Sn) display status of endpoint 1 to endpoint 5. 


EP1 to EP5 Status Register (EP1Sn to EP5Sn) 
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Figure 29-11. EP1 Status Register (EP1Sn) 


i 6 5 4 3 2 1 0 


Initial Value: 
SIZE SIZE SIZE SIZE SIZE SIZE SIZE SIZE 
XXXXXXXXB 
: fe ee fe OR BFINI Reset: 
bit0 to 7 


SIZE Packet size bits 


Initial value 


Packet size value 


15 14 13. 12 11 10 9 8 Initial Value: 
BFINI | DRQIE | SPKIE |Reserved| BUSY | DRQ SPK SIZE 100x000xp 
RW RW RW - R RW RW R BFINI reset: 
bit8 
SIZE Packet size bits 


Initial value 
Packet size value 
bit9 
bit10 


bit11 


>| BUSY Busy flag bit 


Writing/Reading to transmit/receive buffer not in progress 


Writing/Reading to transmit/receive buffer in progress 
bit12 


> iReserved Reserved 
0 No functionality 


bit13 


SPKIE Short packet interrupt enable bit 


SPK (Short Packet) interrupt disable 
SPK (Short Packet) interrupt enable 


DRQIE DRQ Interrupt enable bit 


DRQ interrupt disable 
DRQ interrupt enable 


BFINI Transmission/Reception buffer initialization bit 


- : irrelevant | 0 | Cancel initialization 
X : undefined value Transmission/Reception buffer initialization 
R/W : Readable and writable 


: Initial value R: Read only 
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Figure 29-12. EP2 to EP5 Status Register (EP2Sn to EP5Sn) 


7 6 5 4 3 2 1 0 


Initial Value: 
Reserved] SIZE SIZE SIZE SIZE SIZE SIZE SIZE 
OXXXXXXXB 
oe ee eee BFINI Reset: 
bitO to 6 


SIZE SIZE bits 


Initial value 


value | Packet size value 


bit7 


Reserved Reserved 
0 Always write "0" to this bit 


15 14 13 12 11 10 9 8 Initial Value: 
BFIN| | DRQIE | SPKIE |Reserved| BUSY | DRQ | SPK_ |Reserved 100-0000, 
RW RW RW - R RW RW - BFINI Reset: 


Li bit8 
Reserved Reserved 
0 Always write "0" to this bit 


bit9 


SP Short Packet status bit 


K : 
Maximum possible data received 
1 Data less than maximum possible data bytes received 


bit10 


DRQ Received data status bit 
Received data interrupt clear 
1 Received data successfull 


bit11 


>| BUSY Received data status bit 


Writing/Reading from transmit/receive buffer completed 


1 Writing/Reading from transmit/receive buffer in progress 


bit12 


Reserved Reserved 
0 Always write "0" to this bit 


bit13 


P| SPKIE Short packet interrupt enable bit 


SPK (Short Packet) interrupt disable 
SPK (Short Packet) interrupt enable 


ty | DRQIE Receive Data Interrupt enable bit 


DRQ interrupt disable 
DRQ interrupt enable 


- : irrelevant Cancel initialization 
x : undefined value Transmission buffer initialization 


R/W : Readable and writable 
: Initial value R: read only 
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The function of each bit in the EP1 to EP5 status register (EP1Sn to EP5Sn) is described in the following. 


Bit names Function 


¢ — This bit initializes the transmission/reception buffer. 

* The BFINI bit is automatically set when the RST flag in the UDC control register 
(UDCCn) is set to 1. 
When the reset operation has been performed with the RST bit, clear the RST bit 

Bit15 BFINI before clearing the BFINI bit. 

The transmission/receive buffer for EP1 to EP5 has a configuration of double buffers. 
Initialization by BFINI bit initializes the double buffers, the DRQ and SPK bits all at 
once. 
Before initializing the buffer please ensure that the DRQ bit is set to "1", and ensure 
that BUSY="0" that means there is no access from the HOST, and set the STAL bit. 


DRQ interrupt enable. It enables an interrupt to be triggered when the DRQ flag of one 
: of the EP1Sn to EP5Sn is set. 
Bit14 DRQIE : ; 
In automatic buffer transfer mode (DMAE = "1"), DMA settings must be enabled 
before setting DRQIE. 
Bit13 SPKIE . Ueda enables an interrupt to be triggered by the SPK flag of each EP1Sn to EP5Sn 


Bit12 Undefined * No functionality. 


+ This bit indicates that writing into the transmission/receive buffer or reading it for send- 

ing data to/from the host is in progress. 

It is set/reset automatically. 

When the DRQ bit is set and also the BUSY flag is set, it means that the host is 
Bit11 BUSY accessing one of the double buffers that is different from the buffer accessed by the 

CPU or DMA. 

Normally threre is no need to refer to the BUSY bit when controlling the buffers. But 

before initializing the buffer, please ensure that the DRQ bit is set to "1", and ensure 

that the BUSY="0" that means there is no access from the HOST, and set the STAL 

bit. 


This bit indicates that packet transfer for EPx has been successfully done and data 

processing is needed. 

The EPxSn:DRQ bit triggers corresponding USB_EPXx0 interrupt . 

Writing "1" to this bit is ignored. 

Clear by writing "0". "1" is read at the read modification write access. 

After the data to be sent to the host is written to the transmission buffer (in response to 

the IN packet request from the host), the DRQ bit must be cleared. When the OUT 
; packet transfer is completed DRQ bit is automatically set to "1". It should be cleared 

Biti0 when the data from the receive buffer is completely read by the CPU/DMA. 

When DRQ = "0", writing "0" is prohibited. 

When the automatic buffer transfer mode (DMAE=1) is not used after the data read or 

write of transmission and reception buffers is completed, "0" must be written to the 

DRQ bit. When DRQ bit is cleared, access buffer is switched. If the transfer direction is 

set to IN direction and the DRQ bit is "1" and the DRQ bit is cleared without writing 

data to the transmission buffer, 0-byte data packet is sent to the host. 

In the initial setting, when the DIR of the EP1 to EP5 control register (EP1Cn to 

EP5Cn) is set to "1", DRQ bit of the corresponding end point is set at the same time. 


This bit indicates that the number of data bytes received successfully from the HOST 
is less than the maximum packet size value set in EPxCn:PKS (including 0 byte data 
packets). 
Bitg SPK The SPK bit triggers USB_F20 interrupt. 
Writing "1" to this bit is ignored. 
Clear by writing "0". "1" is read at the read modification write access. 
* The SPK bit is not set during IN data transfer. 


Bit8-7 Reserved/SIZE ¢« Do not use for EP2Sn to EP5Sn. 
it8- 
(EP1Sn) + For EP1Sn these are the SIZE bits (see below) 
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When OUT packets have been transferred to EPx, the number of data bytes that has 
been written into the reception buffer is displayed by SIZE bits. The SIZE bit is 
updated to a valid value when EPxSn:DRQ flag is set. The following table displays the 
maximum transferable number of data for each endpoint 1 to 5: 


Bit8-0: 
EP1Sn 


Bit6-0: 


EP2Sn - EP5Sn 


29.3.10 EPO to EP5 Data Register (EPODTn to EP5DTn) 


Endpoint 


Max number of transfer 


Possible values 


1 


2to5 


256 bytes 


64 bytes 


000h to 100h 


00h to 40h 


Since SIZE displays data packet size written in the buffer by the host during OUT 
packet transfer, any SIZE value read when an IN direction transfer is performed, is 
meaningless. 


CYPRESS 
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The EPO to EP5 Data Registers (EPODTn to EP5DTn) are access registers used for read or write access _ into the transmis- 
sion/receive buffer related to endpoint 0 to endpoint 5. 


EPO to EP5 Data Register (EPODTn to EP5DTn) 
Figure 29-13. EPO to EP5 Data Register (EPODTn to EP5DTn) 


594 


7 6 5 4 3 2 1 


0 


BFDT7 | BFDT6 | BFDTS | BFDT4 | BFDT3 | BFDT2 | BFDT1 


BFDTO 
XXXXXXXXB 


RW R/W R/W RAW R/W RW RWW R/W 


bitO to 7 


15 14 13 12 11 10 9 


Initial Value: 


BFDT Endpoint transmission/receive Buffer Data bit 


BFDTF | BFDTE | BFDTD | BFDTC | BFDTB | BFDTA | BFDT9 


RW R/W R/W R/W R/W RW R/W 


8 
Initial Value: 
BFDT8 
XXXXXXXXB 
R/W 
bit8 to 15 


Initial value 
Endpoint transmission/reception buffer data bit 


>| BFDT Endpoint transmission/receive Buffer Data bit 


Initial value 
Endpoint transmission/reception buffer data bit 
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The following describes the function of each bit in the EPO to EP5 data registers (EPODTn to EP5DTn): 


Bit names 


It is a data read/write register for the transmission/receive buffer for each endpoint. 
Access to the BFDT register via DMA transfer is supported by word access only. If you 
transfer odd number of data bytes through DMA transfer, you have to set a byte trans- 
fer for the last data transfer. If you perform word transfer (for odd number of data 
bytes) via CPU access, the last transfer must be a byte transfer, the same as in case 
Bit15-0 BFDT of DMA transfer. 
CPU access to the EPODTn to EP5DTn registers are possible both byte and word. If 
byte access is needed for any of the registers, access lower byte (bit 7 to bit 0) first 
and then access upper byte (bit 15 to bit 8). Subsequently access the lower byte and 
upper byte alternately. 
. Bit access to the EPODTn to EP5DTn registers is prohibited 


29.4 Description of the USB function operation 


This chapter describes the basics of the USB function. 


29.4.1 USB Function operation 


The USB function performs a both way packet transfer with a host controller that supports USB protocol. A host and its 
devices are connected and configured by the enumeration process. Then, communication based on various types of transfers 
using device drivers can be performed. 


This section describes the operation of the USB communication between a HOST and the USB device by using enumeration 
as an example. It illustrates the operation of registers and USB packet transfers to give an overview of the USB communica- 
tion. 


Enumeration process 


The enumeration process is the initial communication process between a host and the USB device when the device is 
attached to the bus before the USB operates. The host examines which device is connected to the USB bus and what param- 
eters does it require, the number of EndPoints it has etc., by using the USB Control transfers (one of the types of USB trans- 
fers). USB Control Transfers use the EPO (endpoint 0) out of the available six endpoints (as defined in the USB specification). 


Before EP1 to EP5 are used, the followings must be received on the USB bus (i.e basic enumeration process should be com- 
pleted). 

1. USB bus reset (UDP is "0" and UDM is "0" for at least 40 USB clock cycles). 

2. Address set by SET_ADDRESS. 

3. Configuration set by SET_CONFIG. 
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Figure 29-14. Example of Connecting for USB Cable Terminal 


Direction Overview of Operation 

; Host=a@— Device Operation is not started until the 
USB bus connection host detects pull-up on the USB bus. 
detection 
Acquiring descriptor Host«ag— Device Data of descriptor is sent to 
information the host. 

es ee 
Setting device address Host-pe Device ra address is set by the 
Acquiring descriptor Host<g— Device Data of descriptor is sent to 
information (device) the host. 
Acquiring descriptor Host-g— Device Data of descriptor is sent to the 
information host 
(configuration) : 
Setting configuration Host-4pe> Device Device configuration number is set 
by the host. 


Detecting a connection 


The HOST monitors the two signals (D+ and D-) on the USB bus and detects a device connection if a signal goes to the "H" 
level. 


For the detailed procedure for the case of a self-powered device, see 29.4.2 Detecting Connection and Disconnection. 


Example of Register Initialization and Operation Startup Procedure 


The following example describes how to initialize the registers and start operation. 

1. Set EPO in the EPOCn register (packet size, etc.). 

2. Set the EPEN, DIR, TYPE, etc. settings for each endpoint (see EP1Cn to EP5Cn registers). 
3. Clear the RST bit in the UDCCn register. 

Clear BFINI in the EPOISn, EPOOSn, and EP1Sn to EP5Sn registers. 

Clear the HCONX bit in the UDCCn register. 


OV 


USB bus reset 

A bus reset is issued by the HOST to initialize the USB device. The USB device must then perform the following steps: (The 
first bus reset after USB has been connected does not need any processing.) 

1. The USB function is initialized by setting the RST bit of the UDCCn register. 

2. Set again the transmission/reception buffers in use and related control registers 

3. Set the firmware control to the pre-enumeration state. 
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Getting descriptor 
The USB device sends data to the host when it receives a request from the HOST. 
In more detail, communications are performed in the following three stages: 


Figure 29-15. Communication Stages 


setup stage| — | datastage | — | status stage 


The setup stage ensures that the device receives normal packets (specific request e.g. GET_DESCRIPTOR) from the HOST 
and identifies the command by decoding it and prepares information of a descriptor in the transmit buffer that is to be sent 
back to the host in Status stage . The data stage simply confirms that normal data is sent or received from the HOST (depend- 
ing on whether it is a SET request or GET request). The status stage reports the status of the overall request and performs 
the end processing when the HOST sends (in response to the DESCRIPTOR sent in the data stage) a zero length data 
packet. 


29.4.2 Detecting Connection and Disconnection 


This section describes how to detect connection and disconnection from the USB host. 


29.4.2.1. USB connection example 


Connection and disconnection from the USB host can be detected by connecting an external interrupt pin to the VBUS pin on 
the USB connector and connecting a pull-down resistor. Figure 29-16 shows an connection example for the UDP, UDM, and 
VBUS pins on the USB connector. 


Figure 29-16. USB connection example 


USB device 
B connector . 
MB96330 series 
USB host 
VBUS VBUS(5V) 
>| External Interrupt 
esl 
ae HCONX 
UDP 1.5KQ 272 | UDP 
o | W 1 
w 27 w 
ah UDM W— Gon S 
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Detecting connection 


Figure 29-17. Operation When Detecting a Connection 


Connection to HOST 


VBUS W777 


Enable external interrupt 


ENx ~~» 


Change the ext interrupt 


ERx detection level 
ELVRn: 
{LBx,LAx} X {0,1} {0.0} 
HCONX 


vy . 
Enable connection 


Time for VBUS to stabilize 


The device uses the following sequence to detect a connection with the HOST. 
1. Set the external interrupt connected to the VBUS to detect "H" level input and then enable the interrupt. 


2. Detection of an"H" level on the external interrupt pin indicates a connection to a USB host. When this occurs, please wait 
for the VBUS stabilization time before proceeding further. 


3. Disable the external interrupt temporarily. Set the external interrupt to detect "L" level inputs to the external interrupt pin ( 
for detecting disconnection from the host) and clear the external interrupt flag and enabled it again. 


4. Initialization (complete initialization including the USB Function Register) can then be performed. See "Example of Regis- 
ter Initialization and Operation Startup Procedure" in section 29.4. 


5. Clear UDCCn:HCONX bit by writing "0" to it to enable the D+ pull-up resistor. (Clear the HCONX bit even if it is not used 
for controlling the pull-up resistor). 


Note: 


You need not wait for the VBUS stabilization time in your program if an external noise filter is used on the external interrupt 
pin. 


Detecting disconnection 


Figure 29-18. Operation When Detecting Disconnection 


VBUS AW 
Disconnect from host 


ENx / Change the ext interrupt 


ERx 2 detection level 
ELVRn: 


{LBx,LAx} {0,0} X {0,1} 

On recovery from stop mode 
SUSP 
USTP 


— > 
VBUS/oscillation 


stabilization time 
HCONX a Set disconnection 


The USB device uses the following sequence to detect a disconnection from the HOST. 
1. Detection of an "L" level on the external interrupt pin connected to VBUS indicates the disconnection from the USB host. 
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2. On recovery from STOP mode: 
After waiting for the oscillation stabilization time, clear UDCSn:SUSP followed by UDCCn:USTP. 
When not recovering from stop mode: 
Wait for the VBUS stabilization time. 


3. Disable the external interrupt temporarily. Change the external interrupt setting to detect "H" level inputs to the external 
interrupt pin, clear the external interrupt flag, and then re-enable the external interrupt. 


4. Set the UDCCn:HCONX bit to "1" to disconnect the D+ pull-up resistor. (Set the HCONX bit to "1" even if it is not used for 
control of the pull-up resistor). 


Note: 

You need not wait for the VBUS stabilization time in your program if an external noise filter is used on the external interrupt 
pin. 

29.4.3. Each Register Operation with Command Response 


This section describes the basic operation of USB registers and processing of the USB packets. The processing of firmware 
tasks triggered via CPU interrupts are also described. 


29.4.3.1. Read Command USB function operation 
For GetDescriptor, SynchFrame, and the class vendor command 


Figure 29-19. Read Command USB function operation 


Setup stage Data stage Status stage , 
Host PC 
— Device lee Ts ACK IN ack] |jour|/D47A 
ACK patao| DATA pata1 |DATA ACK 
Device bo write 0 write 1 
— Host PC | | 
DRQIIE 
DRQI = 
DRQOIE pa DATA1 
|g. Soft clear oft clear SB aad 
DRQO 
| 
SETP 
it > Lal 
@ setup @ processing data stage @ Command 
processing completed 
processing 


Set up operation 


When the setup packet is received by the USB device, DRQO and SETP are set to "1". When DRQO is set, CPU interrupt is 
raised and the SETP flag is conformed in the interrupt service routine. The USB device then reads as many commands as 
necessary from the receive buffer if the SETP is set (which does not mean all eight bytes need to be read. The number of 
bytes to be read depends on the SIZE value in the EPOOSn register), decodes the commands, performs setting tasks, clears 
the SETP flag and DRQO interrupt cause (EPOOSn:DRQO) by writing "0" to them and returns from the interrupt service rou- 
tine. 
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Data stage operation 


If the result of decoding the command says that the data stage is an IN transfer, enable the DRQIIE bit ( no need to set DRQI 
bit because its initial value is "1") . The CPU interrupt service routine for DRQI interrupt transfers data to be sent to the host to 
the transmit buffer. Once the transfer is complete, clear the DRQI interrupt cause (EPOISn:DRQI) before returning from the 
interrupt. 


The DRQI is set again when the data packet transfer to the host is complete. This generates a CPU interrupt and the corre- 
sponding interrupt service routine for DRQI is entered again. The data is transferred to the transmit buffer to prepare for the 
next data packet to be sent to the host. Once the transfer is complete, clear the DRQI interrupt cause (EPOISn:DRQI) before 
returning from the interrupt service routine. 


Status stage operation 


The DRQI is set when the data stage is complete. Since the DRQI interrupt is not enabled (DRQIIE ="0") the CPU does not 
execute the interrupt service routine for DRQI. When a zero length OUT packet is received from the host the DRQO is set to 
"1". The CPU processes the DRQO interrupt and the number of received bytes is checked in the SIZE bits of the EPOOSn. If 
EPOSn:PKS is equal to zero (indicating that a zero byte data packet is received) clear the DRQO interrupt cause to prepare 
for the next setup stage. 


29.4.3.2 Write Command USB function operation 
For GetDescriptor and the class vendor command 


Figure 29-20. Write Command USB function operation 


Setup stage Data stage Status stage 
Host PC > 4 
> Device ||SETUP ||DATAO OUT ||DATAO OUT ||DATA1 IN ACK 
Device ACK ACK ACK DATA1 
— Host Pd | 
| 
DROIIE —— 
Soft clear | 
DROI | 
Command DATAO DATA] soft clean 
DRQOILE ceed J Bead, 27 Ort cledead 
DRQO | 
SETP 
“> P >| aN 
@setup processing @ : @ command 
processing data stage completed 
processing 


Set up operation 


When the setup packet is received, DRQO and SETP is set. When DRQO is set the CPU interrupt corrosponding to DRQO is 
raised and the SETP flag is conformed in the interrupt service routine. The USB device then reads as many commands bytes 
as necessary from the receive buffer if the SETP is set (which does not mean all eight bytes need to be read. The number of 
bytes to be read depends on the SIZE value in the EPOOSn register), decodes the commands, performs setting tasks, and 
clear the DRQI bit (because initial value of DRQI is "1") without writing data to the transmission buffer to prepare for a 0-byte 
response in the status stage. Then set DRQIIE to enable the interrupt cause due to DRQI to check the normal completion of 
Status stage. The routine also clears the SETP flag and DRQO by writing "0" to it and then returns from the interrupt routine. 


Data stage operation 


The DRQO is set when the data stage toward OUT is complete. The interrupt is processed when the DRQO is set. Then 
check the SIZE bits of the EPOOSn register and transfer the data from the receive buffer by DMA or read the data from the 
receive buffer directly by CPU. Then clear the DRQO bit before returning from the interrupt. 
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Status stage operation 


When the Data stage is completed the host sends an IN token request. A zero length packet is sent by the device in response 
to this request. When the status stage is completed, a CPU interrupt USB_EPOIN is triggered due to DRQI and the program 
enters in an interrupt service routine and confirms if the status stage has been successfully completed. Then clear the 
EPoISn:DRQIIE before returning to the interrupted point. 

29.4.4 | Suspend Mode Function 


A USB device must have bus power supply configuration with a power consumption less than 500uA in SUSPEND mode. 
This section describes the USB device procedure to enter SUSPEND mode and then STOP mode. 


29.4.4.1_ USB function SUSPEND mode 
When the USB device core detects a SUSPEND mode request, the SUSP flag of the UDCSn register is set. 
The figure below shows an example of the suspend operation: 


Figure 29-21. Suspend Operation 


Host PC ims ims 3ms , Suspend state 
eee for "Teor SOF In the case remote wake-up 
is supported 
SUSP | 
i¢ 
STP 2ms 
SUSP flag 
Soft clear 


SUSPEND mode operation 


The USB function detects a SUSPEND mode when there is no activity for at least 3 ms on the bus. If so, the SUSP flag in the 
UDCSn register is set which causes an interrupt. If a USB device supports remote wake-up, wait for another 2 ms (which 
blocks remote wake-up during this time period), and then set the usb device to STOP mode. 
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29.4.5 Wake-up Function 


To change a USB device from SUSPEND mode to WAKE-UP mode, the USB protocol provides two different options: Remote 
wake-up from device and wake-up from HOST. 


Remote wake-up by device 


Figure 29-22. Remote Wake-up Operation 


Suspend state 
Host PC > 


— Device 
Device RESUME 
— Host PC Oscillation 


stabilization time 


RESUM 
STP 
INT pin BESUN 
External interrupt Soft set, clear 


A USB device must performed the following steps: 

1. Recover the USB device from STOP mode through an external interrupt. 
2. Set the UDCCn:RESUM bit. 

3. Clear the UDCCn:RESUM bit. 


Wake-up from Host 


Figure 29-23. Wake-up Operation from Host 


Suspend state not less than 20ms ims , ims 


Host PC 


2s Davies RESUME 
Oscillati 
epilation time WKUP flag 
WKUP 4«——~ Soft clear 


STP 


For the devices, the following steps are required: 
1. Oscillation stabilizing time setting must not exceed 10 ms. 


2. WKUP interrupt triggers the entry into an interrupt routine that clears the WKUP flag of UDCSn (interrupt cause) and then 
returns to main program. 


29.4.6 DMA Transfer Function 


Data transfers between USB function buffers and internal RAM is possible with two different DMA transfer modes: Packet 
Transfer mode and Data Number Automatic Transfer mode. In Packet Transfer mode the DMA transfer data size is to be set 
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for each packet one by one, on the other hands, in Data Number Automatic Transfer mode the DMA transfer data size for all 
packets is to be set once. 


29.4.6.1 Packet Transfer Mode 


The packet transfer mode performs transfer by setting the number of data per packet to be transferred by the DMA and clear- 
ing the interrupt cause when the transfer is complete. The transfer mode can access any endpoint buffer. 


Buffer access timings in OUT and IN directions are described below. 


OUT direction (HOST — device) transfer 
Figure 29-24. OUT Packet Transfer 


OUT packet 


Host Pe 
Device 
Device 
—+ Host 


DMAE 


four 


DATAO 


ACK 


DRQ flag * 
CPU clear \ 


OUT packet 


Jour DATA1 


DRQ flag* 
CPU clear \ 


DRQIE 
DRQ 


a 


6) 


SIZE 


DER:ENx 


<—_—_> 


DMA receive buffer read 
(DATAO) 


<-> 


DMA receive buffer read 


(DATA1) 


In OUT- direction transfer, the USB device performs the following steps: 


1. When the DRQ flag is set, the interrupt routine is called and the number of received data bytes must be checked (in 


EPxSn:PKS) 


2. Set the number of data to be transferred in the data counter register DCT of DMA and the DMA _ is enabled by setting the 


DER register. 


3. Once the transfer is complete, clear the corresponding DRQ flag in the EPxSn registers and the corresponding flag in the 
DSR register of the DMA. 


Note’: 


Each of the endpoints EP1 to EP5 consists of double buffers. DRQ can be cleared only when one buffer that is currently not 
being accessed is empty and data has been read from the other buffer. It cannot be cleared (even if "0" is written to it) when 
the buffer which is not being accessed has data left to be read (Dotted line status). In this case it continuously enters DRQ 


interrupt process. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


603 


SCYPRESS 


USB Function “ee” «= EMBEDDED IN TOMORROW 


IN direction (device — host) transfer. 
Figure 29-25. IN Packet Transfer 


IN packet IN packet 


——}| 
Host PC IN ACK IN ACK 
— Device 


Device RQ flag i DATAO DRQ flag” h DATAt 


— Host PC CPU clear CPU clear 
DMAE ' 
DRQ IE é hal 
DRQ WN 
DERENx > \¢—_—___» 
DMA writes to the transmit buffer DMA writes to the transmit buffer 
(DATAO) (DATAO) 


In IN- direction transfer, a USB device performs the following steps: 


1. Once the DRQ flag is set, the device enters the interrupt routine in which the number of data to be transferred in an IN 
packet is set in the data counter register DCT of the DMA. It enables the DMA by setting the DER register and data trans- 
fer from RAM to EndPoint buffer is triggered. 


2. Once the DMA transfer is complete, clear the corresponding DRQ flag in the EP1Sn to EP5Sn registers and the corre- 
sponding interrupt flag in the DSR register of the DMA. The device then returns from the interrupt process. 


Note’: 


Each of endpoints EP1 to EP5 consists of double buffers. DRQ can be cleared only when one buffer that is currently not being 
accessed has already data written into it and data has been written to the other buffer. It cannot be cleared (even if "0" is writ- 
ten to it) when the buffer which is not being accessed is empty (dotted line status). In this case it continuously enters DRQ 
interrupt process. 


29.4.6.2 Data Number automatic Transfer Mode 


In this mode, the total number of data to be transferred is set in DMA and the transfer enable bit is set in advance. When 
EPxCn:DMAE bit is enabled and the DRQ is set after data from the Host is received successfully (data is ready to be read 
from the receive buffer), DRQ is automatically cleared after the data equal to the number of bytes indicated in the EPxSn:PKS 
is transferred. (Whether the DRQ flag is actually cleared depends on the fact that both buffers in the double buffer are empty 
or full). Similar process is repeated until the exact number of data to be transferred as defined in the DMA have been effec- 
tively transferred except for the last packet transfer. For the last packet transfer under the Data Number Automatic Transfer 
mode, the DRQ interrupt cause is not cleared automatically but is cleared by CPU in the interrupt service routine. 


If the device performs the next transfer, it sets DMA again and enables DMA when a CPU interrupt is raised after the last data 
has been transferred, and returns from the CPU interrupt. Since the data number automatic transfer mode is used for 
DMAE=1, only buffer access to endpoint 1 to 5 is enabled. 


Buffer access timings in OUT/IN directions are described below: 
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OUT direction (HOST — device) transfer 
Figure 29-26. OUT Direction (HOST — Device) Transfer 


USB Function 


Host PC 
Device 
Device 
—Host PC 


DMAE 


DRQIE 


DRQ 
SIZE 


DER:Enx 


Read PKS part of the 
DMA receive buffer 


OUT packet Last OUT packet 
4 4 
T DATA OUT || DATA1 Fe 
7 : DRQ flag 
ACK | DRQ flag * ACK | cleared by 
Automatic | i CPU 
clear / 
v v 
DATAO t aan y¥____ 
x 
<—_——_ t<—_> 


Read the rest of 
DMA receive buffer 


OUT transfer directions, a USB device performs the following steps: 


1. Setl the total number of data to be transferred in the data counter register DCT in DMA, and enable the DMA by setting 
the DER register. 


2. Set EPxCn:DMAE and EPxSn:DRQIE. 


3. Once the transfer is complete, a DMA interrupt routine is called and clear the flag (DRQ and DTEx) and to set the DMA for 
next transfer, and then return from the inturrupt routine. 


Note’: 


Each of the endpoints EP1 to EP5 consists of double buffers. DRQ can be cleared only when one buffer that is currently not 
being accessed is empty and data has been read from the other buffer (automatic clear). It cannot be cleared (even if "0" is 
written to it) when the buffer which is not being accessed has data left to be read (Dotted line status). In this case it continu- 
ously enters DRQ interrupt process. 


IN direction (HOST — device) transfer 
Figure 29-27. IN Direction (Device +> HOST) Transfer 


Write PKS part of 
DMA sending buffer 


Data Last data 
Host PC 4 
— Device IN ACK ; IN ACK 
Device DRQ flag” DATAO ye ey \ DATA1 
> P Automatic cleare 
Host PC ae l by CPU / 
DMAE / 
DRQIE = | vy 
DRQ DATAQ (h DATAt 
DER:ENx 
» it———_> 


Write the rest of 


DMA sending buffer 


In IN transfer direction, a USB device performs the following steps: 


1. Set the total number of data to be transferred in the data counter register DCT in DMA, and enable DMA by setting the 
DER register. 
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2. Set DMAE and DRQIE. 


3. Once the transfer is complete, a DMA interrupt routine is called, then set DMA aagin and clear the flags, then return from 
the interrupt routine. 


Note’: 


Each of endpoints EP1 to EP5 consists of double buffers. DRQ can be cleared only when one buffer that is currently not being 
accessed has already data written into it and data has been written to the other buffer. It cannot be cleared (even if "0" is writ- 
ten to it) when the buffer which is not being accessed is empty (dotted line status). In this case it continuously enters DRQ 
interrupt process. 


29.4.7. NULL Transfer Function 


In case of Data Number Automatic IN type transfer if the total number of data bytes as set in the DCT register of DMA is 
already sent, its possible to automatically send a 0-byte data packet in response to the next IN transfer request from the host 
by enabling the NULL transfer mode. 


29.4.7.1 NULL Transfer Mode 


In this mode the 0 byte data transfer is set automatically when the last IN transfer request from the HOST is detected in the 
case the Data number automatic transfer mode is set for IN transfers (DMAE=1) and the maximum size data set in PKS bits 
is written in to the transfer buffer. If the DCT register of DMA is decremented to 0 at the last data writing, a 0 byte data is trans- 
ferred when the next IN transfer request from the host is detected. The DRQ interrupt flag is not set until O-byte data is 
received by the host i.e. after receiving the ACK for the O-byte transfer from the host. Buffer access timings are shown in the 
figure below. 


Only IN direction (device + host) transfer 
Figure 29-28. NULL Data Transfer Operation 


Data before last Last data 0 byte data 
oe PC Fal aa i 7 > ree 
=. 
ee DRQ flag ACK] | IN 

Automatic 
—Host PC clear palne eallad pialis 
DMAE 7 
DRQIE 7” | * 
iN (1) (1) 
DRQ Cs EF. 
/ |Last data 
Lae DATA1 
DER:ENx — 
t——_> 
DMA writes MAX packet size data Interrupt factor is 
to the transmit buffer not set. 


For the device, DMAE, DRQIE, and NULE bits must be set. 
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This chapter describes the functions and operations of USB Mini-host. 
30.1 USB Mini-host features 


30.2 Differences in USB Mini-host 
30.3 USB Mini-host Block Diagram 
30.4 USB Mini-host Registers 
30.5 USB Mini-host operation 

30.6 Token Flow Chart 


30.1 USB Mini-host features 


USB Mini-host provides minimum host functionalities required. It enables data to be transferred to and from a device without 
PC intervention. 


USB Mini-host features 


USB Mini-host has the following features: 

Automatic detection of Full Speed / Low Speed devices. 

Support Full Speed transfer. 

Automatic detection of device connection and disconnection. 

Support of reset sending function to USB bus. 

IN/OUT/SETUP/SOF token support. 

Automatic transmission of handshake packet for IN token (excluding STALL). 
Handshake packet automatic detection at OUT token. 

Support a maximum data packet length of 256 bytes. 

Supports various error handling (CRC error/toggle error/time-out). 


Wake-up function support. 
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30.2 Differences in USB Mini-host 


Description of the differences between the standard USB host and USB Mini-host. 


USB Host versus USB Mini-host 


iii ee ee ST ee 


Transfer 


Transfer speed 


ES 
Error 
OS CS 


Detection of connection and disconnection of devices ee re ae: ee 


O: Supported 


XX: Not supported 
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USB Mini-Host 


30.3. USB Mini-host Block Diagram 


Block diagram of USB Mini-host. 


Block Diagram of USB Mini-host 
Figure 30-1. Block Diagram of USB Mini-host 


[> a Poo Receive Selector ia 
t+} eo 
Buffer control unit <— prx 
—> 
CPU I/F 
UDC I/F 
> 
-——> TX 
|——_> TXENL 
Transmit 
control unit 


| 


USB bus reset > 
control unit Host Transmit HT 


control unit +> HTXENL 


y 4 


|_____s 


I s——_ 
[Ld 
Explaination of blocks: 
CPU I/F : Interface circuit block with CPU 
Buffer : Buffer and buffer control circuit block 
USB I/F : Interface circuit block with USB 
USB bus reset control part : USB bus reset and connection control block 


RX control part 


: Receive data serial to parellel conversion circuit and RX control block 
TX control part 


: Transmission data parellel to serail conversion circuit 
and TX control circuit block for the USB Function 

: Transmission data parallel to serial conversion circuit 
and TX control circuit block for Mini Host 


Host TX control part 


TX : USB Function transmission data signal 

RX : USB Function received data signal 

TXENL : Function transmit and receive direction signal 
HTX : Mini-Host transmit data signal 

HRX : Mini_Host receive data signal 

HTXENL 


: Min—Host transmit and receive direction signal 
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30.4 USB Mini-host Registers 


This chapter describes all the registers of the USB Mini-host function. 


Register of USB Mini-host 
Table 30-1. Registers of USB Mini-host 


bit 


7 6 5 4 3 2 1 0 
HCNTLn 


bit 15 14 13 12 11 


10 9 8 
Reserved SOFSTEP |CANCEL |RETRY HCNTHn 


1 0 


7 6 5 4 3 2 
HIRQn 


bit 


= 
ine) 
= 
oO 


bit 


ae 
ol 
— 
ns 


13 11 


0 


3 2 1 
Reserved SOFBUSY} SUSP TMODE CSTAT |HSTATEn 


Ni 
o 
oa 
aN 


=s 
ns 
a. 
wo 
a 
ine) 
oe 
= 
i 
oO 
oO 
foe} 


HFCOMPn 


[op 
oa 
& 
wo 
ne) 
= 
oO 


HRTIMEROn 


ne 
ns 
= 
wo 
a 
ie) 
are 
a 
a 
oO 
oO 
foo} 


HRTIMER1n 


Reserved 


— 
: i 


o 
oa 


HEOFLn 


= 
ol 
a 
ms 
= 
wo 
a 
ine) 
a 
a 
a 
oO 
oO 
foo} 


HEOFHn 


HFRAMELn 
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Table 30-1. Registers of USB Mini-host 


bit 15 14 13 12 11 10 9 8 


FRAME! HFRAMEHn 


bit 7 6 5 4 3 2 1 0 


TGGL TKEN EDPT HTOKENn 


USB Mini-Host 


30.4.1. Host Control Register (HCNTn) 

Host control register (HCNTn) specifies the USB operation mode and the interrupt settings. 
Host Conirol Register Low (HCNTLn) 

Figure 30-2. Host Control Register Low (HCNTLn) 


7 6 5 4 3 2 1 0 


Initial Value: 


00000000, 


RWKIRE| URIRE |CMPIRE|CNNIRE} DIRE |SOFIRE| URST | HOST 


RW RW RW RW RW RW RW RW 
(x) (x) (& (&~ (&~ (~~ (0) (X) ___Initialised by UDCCn:RST 


Select device mode 


bitO 
HOST HOST Mode bit 


1 Select Mini-host mode 


bit1 
URST USB Bus Reset bit 


USB bus default state 
1 Reset USB bus 


bit2 
SOFIRE SOF interrupt Enable bit 


SOF interrupt disabled 
1 SOF interrupt enabled 


bit3 
>| DIRE Disconnection interrupt Enable bit 


Disconnection interrupt disabled 


Disconnection interrupt enabled 


Connection interrupt disabled 


P>ICNNIRE Connection interrupt Enable bit 


Connection interrupt enabled 


ICMPIRE Completion interrupt Enable bit 


Interrupt after USB bus reset is disabled 


Completion interrupt is disabled 
1 Completion interrupt is enabled 


bit6 
>| URIRE USB bus Reset interrupt Enable bit 


ut Interrupt after USB bus reset is enabled 


bit7 


Resume interrupt is disabled 


IRWKIRE} Remote Wake-up interrupt Enable bit 


xX - undefined value 1 Resume interrupt is enabled 
R/W : Readable and writable 
: Initial value 
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Figure 30-3. Host Control Register High (HCNTHn) 


15 14 13 12 11 10 9 8 Initial Value: 
00000001, 


Reserved|Reserved/Reserved|Reserved|Reserved] SOFSTEP | CANCEL | RETRY 


RW OR/W RW RW RW RW RW RW or 
(X) (X) (X) (X) (X) (X) (X) (xX) _ Initialised by UDCCn:RST 


bit8 
RETRY Retry enable bit 


Retry when receiving NACK or when CRC errors happen 
0 No retry 


bit9 


ANCE Token cancel enable bit 


The token is not cancelled 


1 Cancelling the Token is enabled 


bit10 


SOF interrupt trigger bit 
SOFIRQ flag set when SOF frame number = HFCOMP 
SOFIRQ flag is set every time when SOF is executed 


bit11 to 15 


| 0 | Always write "0" to this bit 


x : undefined value 
R/W : Readable and writable 
: Initial value 


The following describes the function of each bit in the HCNTn registers: 


| Bitmames | Function Si 
Bit15-11 Please write "0" to these bits 


This bit sets whether an interrupt due to SOF is generated every time SOF is executed 
(when set to "1"). 
The interrupt is enabled if HCNTLn:SOFIRE bit is set. 

: If SOFSTEP is "0", SOF Interrupt request flag HIRQn:SOFIRQ is set when the lower 8 bits 

Bit10 SOFSTEP of the SOF Frame number are equal to the value set in the SOF Inturruption Comparison 

Register (HFCOMPn). If SOFSTEP is "1", SOF Interrutpion Request Flag HIRQn:SOFIRQ 
is set whenever SOF is executed. But HIRQn:SOFIRQ bit is not set by the SOF token exe- 
cuted by setting HTOKENn:TKEN bits to "001B". This bit is not initialized with the RST bit 
in the UDC control register (UDCCn). 


This bit is used to cancel a token. 
If this bit is set to "1", when HTOKENn:TKEN bits is set to execute a token in EOF area (it 
; is specified by the HEOFn register), the token is cancelled. 
Be eencet If this bit is set to "0", the token indicated by HTOKENn:TKEN bits is not cancelled. 
To confirm if any token was cancelled, read HIRQn:TCAN bit. 
UDCCn:RST does not initialize this bit. 
This bit is used to enable the retry of the token. 
If this bit is set to "1", when a NAK is received from the usb-device or various errors occur 
(HERRn:RERR="1", HERRn:TOUT="1", HERRn:CRC="1", HERRn:TGERR="1", 
Bits RETRY HERRn:STUFF="1"), USB mini-host retries the token. 
The retry is executed for the time period specified in Retry Timer Setting Registers 
(HRTIMERHn, HRTIMERMn, HRTIMERLn). 
This bit is not initialized with the RST bit in the UDC control register (UDCCn). 
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| itmames Function 


This bit is used to enable Remote Wake-up Interrupt. 

If this bit is set to "1", when the HIRQn:RWKIRQ bit is set to "1", the related interrupt is trig- 
Bit7 RWKIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:RWKIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 

This bit is used to enable USB bus Reset Interrupt. 

If this bit is set to "1", when the HIRQn:URIRQ bit is set to "1", the related interrupt is trig- 
Bité URIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:URIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 

This bit is used to enable Completion Interrupt Request. 

If this bit is set to "1", when the HIRQn:CMPIRQ bit is set to "1", the related interrupt is trig- 
BitS CMPIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:CMPIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 

This bit is used to enable Connection Interrupt 

If this bit is set to "1", when the HIRQn:CNNIRQ bit is set to "1", the related interrupt is trig- 
Bit4 CNNIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:CNNIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 


This bit is used to enable Disconnection Interrupt. 

If this bit is set to "1", when the HIRQn:DIRQ bit is set to "1", the related interrupt is trig- 
Bit3 DIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:DIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 

This bit is used to enable SOF Interrupt. 

If this bit is set to "1", when the HIRQn:SOFIRQ bit is set to "1", the related interrupt is trig- 
Bit2 SOFIRE gered 

If this bit is set to "0", no interrupt is generated when the HIRQn:SOFIRQ bit is set to "1", 

UDCCn:RST does not initialize this bit. 

Writing "1" to this bit resets the USB bus. It is cleared when USB bus reset is completed. 

Reading "1" indicates that the USB bus is still being reset. 
Bit URST Writing "1" to this bit during UDCCn:RST="1" is ignored. 

It is forbidden to set this bit when the HSTATEn:SUSP bit is set or while a token is being 

executed. 

It is also forbidden to update HCNTLn or HCNTHnh while this bit is set. 


This bit controls the USB function to act as a Device or as a Mini-Host. Setting "1" to this 
bit selects the Mini-Host mode and setting "0" selects Function mode. Because it takes 
time to transit mode after updating this bit, please read this bit to confirm if the mode tran- 
sition is completed. 

This bit must be changed when RST bit is set to "1". 

Bito HOST To change the function mode from device to host function, a disconnection of the HOST 
PC by setting the UDCCn:HCONX bit must be performed before updating the HOST bit. 
To change the function mode from Host mode to Function mode, clear the HSTATEn:SOF- 
BUSY bit to "0", set the HTOKENn:TKEN bits to "000B", and clear the HSTATEn:SUSP bit 
to""0", before updating the HOST bit. 

UDCCn:RST does not initialize this bit. 
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The host interrupt register (HIRQn) displays all the interrupt request flags of USB mini-Host. The interrupt is enabled only 
when the corresponding interrupt enable bit in the host control register (HCNTLn/HCNTHnh) is enabled except for the TCAN 


bit. 


Host Interrupt Register (HIRQn) 


Host Interrupt Register (HIRQn) 


Figure 30-4. Bit Configuration of Host Interrupt Register (HIRQn) 


614 


TCAN |Reserved| RWKIRQ]} URIRQ |CMPIRQ|CNNIRQ| DIRQ |SOFIRQ 


RW - =RW RW RW RW ORWRW 
(0) (0) (O) (O) (QO) (& (xX) (O) 


=m 


wea CYPRESS 
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7 6 5 4 3 2 1 0 


Initial Value: 


00000000, 


Initialised by UDCCn:RST 


bitO 


SOFIRQ SOF Interrupt Request 


1 


1 


bit2 
ICNNIRQ| Connection Interrupt Request 


1 
bit3 


1 
bit4 


1 
bits 


bit6 


RWK' Remote Wake-up Interrupt Request 


IRQ -| 


No SOF token interrupt requested 


SOF token interrupt requested 


bit1 
DIRQ Disconnection Interrupt Request 


No Device disconnection interrupt requested 
Device disconnection interrupt requested 


No Device connection interrupt requested 


Device connection interrupt requested 


PICMPIRQ Completion Interrupt Request 


No token completion interrupt requested 
Token completion interrupt requested 


>| URIRQ USB bus Reset Interrupt Request 


No USB bus reset interrupt requested 


USB bus reset interrupt requested 


No Interrupt request by reactivation 
1 Interrupt request by reactivation 


| 0 | Always write "0" to this bit 


bit7 


x : undefined value 


R/W : Readable and writable 


[| : Initial value 


TCAN Token Cancellation flag 


No token cancellation requested 


Token cancellation requested 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“a «= EMBEDDED IN TOMORROW USB Mini-Host 


| Bitnames | Fumcticn 
When a token is cancelled by the setting of HCNTHn:CANCEL bit, this bit is set to "1". 
If this bit is "0", it indicates that no token has been cancelled. 
This bit is cleared by writing "0". Writing "1" to this bit is ignored. 
Bit7 TCAN No interrupt is raised when this bit is set to "1". If you want to handle this bit in an intrrupt 
routine, please check this bit in the interrupt routine called by SOF interrupt. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
[vce Sn a] initilaized. 
[Pleasewrte""tothisbit 
This bit is set to "1" when the resume operation is completed, and an interrupt is triggered 
if HCNTLn:RWKIRE bit is "1". 
If this bit is "0", it doesn’t indicate anything. 
Bit5 RWKIRQ This bit is cleared by writing "0". 
Writing "1" preserves the current state. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 
This bit is set to "1" when the reset operation of USB bus has been completed, and an 
interrupt is triggered if HCNTLn:URIRE bit is "1". 
If this bit is "0", it doesn’t indicate anything. 
Bit4 URIRQ This bit is cleared by writing "0". 
Writing "1" preserves the current state. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 


This bit is set to "1" when a token has been completed, and an interrupt is triggered if 
HCNTLn:CMPIRE bit is "1". 
If this bit is "0", it doesn’t indicate anything. 
This bit is cleared by writing "0". 
CMPIRQ Writing "1" preserves the current state. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 
This flag is not set to "1" when the HIRQn:TCAN bit is set 
to "1". 
This bit is set to "1" when a device connection has been detected, and an interrupt is trig- 
gered if HCNTLn:CNNIRE bit is "1". 
If this bit is "0", it doesn’t indicate anything. 
Bit2 CNNIRQ This bit is cleared by writing "0". 
Writing "1" preserves the current state. 
It is not initialized with the UDCCn:RST bit. 
This bit works also in the USB device mode, not only in the USB mini-host mode. 
This bit is set to "1" when the device dissconnection has been detected, and an interrupt is 
triggered if HCNTLn:DIRE bit is "1". 
If this bit is "0", it doesn’t indicate anything. 
Bit1 This bit is cleared by writing "0". 
Writing "1" preserves the current state. 
It is not initialized with the UDCCn:RST bit. 
This bit works also in the USB device mode, not only in the USB mini-host mode. 
When a SOF transmission starts, in the case HCNTHn:SOFSTEP is "0", the FRAME 
Number in least significant 8 bits of the SOF token and HFCOMP are compared. And if a 
match is detected, this bit is set to "1", In the case the HCNTHn:SOFSTEP bit is "1", this 
bit is set to "1" every time a SOF transmission satarts. 
When this bit is set to "1" and If the HCNTLn:SOFIRE bit is "1", an interrupt is generated 
Bit SOFIRQ If this bit is "0", it doesn’t indicate anything. 
This bit is cleared by writing "0". 
Writing "1" preserves the current state. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 
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Host Error Status Register (HERRn) 


Host Error Status Register (HERRn) 


The host error status register (HERRn) indicates whether an error has occurred while sending or receiving data in host mode. 
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Figure 30-5. Bit Description of the Host Error Status Register (HERRn) 


616 


Initialised by UDCCn:RST 


bit8 to 9 
| us| Handshake Status 


>| 


> 


15 14 13 12 11 10 9 8 
LSTSOF] RERR TOUT CRC TGERR | STUFF HS HS 
RWW R/W RW RW RW RW ray R/W 
(0) (O) (0) (©) (©) (0) (QO) (O) 
x : undefined value 
R/W : Readable and writable 


: Initial value 


> 


Initial Value: 


000000115 


bit10 


STUFF Stuffing Error bit 


No stuffing error 
1 Stuffing error detected 


bit11 


TGERR Toggle Error bit 


No toggle error 
bit12 


bit13 


TOUT Time Out bit 


There is no time-out 


There is a time-out 


RERR Receive Error bit 


No receive error 
Maximum number of receive packet data exceeded 


LSTSOF Lost SOF bit 


SOF was executed normally 
Lost SOF (SOF could not be executed) 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


= EMBEDDED IN TOMORROW 


7 


Bitl4 RERR 
7 


Bit11 TGERR 


- 


. 


In the case the read value of this bit is "1", it indicates that a SOF token could not be exe- 
cuted because another token was running when trying to execute it in host mode. In the 
case the read value of this bit is "0", it indicates that no Lost SOF Error has been detected. 
This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

In the case the read value of this bit is "1", it indicates that the number of packet received 
has exceeded a maximum Packet Size setting in host mode. When this bit is set to "1", the 
HERRn:TOUT bit is also set to "1" at the same time, In the case the read value of this bit 
is "0", it indicates that no such a error has occured.. 

This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

In the case the read value of this bit is "1", it indicates that no response from the device 
has been received for a certain time, in Host mode. In the case the read value of this bit is 
"0", it indicates that no time out has detected. 

This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

In the case the read value of this bit is "1", it indicates that a CRC error has occurred in 
Host mode. When this bit is set to "1", the HERRn:TOUT bit is also set to "1" at the same 
time, In the case the read value of this bit is "0", it indicates that no such a error has 
occured.. 

This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

In the case the read value of this bit is "1", it indicates that the received toggle has not 
matched with the setting in Host mode. In the case the read value of this bit is "0", it indi- 
cates that such a error has occured. 

This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

In the case the read value of this bit is "1", it indicates that a CRC error has occurred in 
Host mode. When this bit is set to "1", the HERRn:TOUT bit is also set to "1" at the same 
time, In the case the read value of this bit is "0", it indicates that no such a error has 
occured.. 

This bit is cleared by writing "0". Writing "1" to this bit is ignored. 

UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 

These bits indicate NULL when handshake operation is not performed due to any error, or 
when the SOF token triggered by settign the HTOKENn:TKEN bits is completed. 

These bits are updated when transmission or reception is completed. 


Handshake values are described below: 


UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 
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30.4.4 Host State Status Register (HSTATEn) 


The Host State Status Register (HSTATEn) indicates the status of the USB circuit such as connections to devices and trans- 
fer mode. 


Host State Status Register (HSTATEn) 
Figure 30-6. Bit Configuration of the Host State Status Register (HSTATEn) 


7 6 5 4 3 2 1 0 Initial Value: 


Reserved | Reserved | Reserved | Reserved JSOFBUSY) SUSP 


TMODE | CSTAT xx010010p 


. : RWW RAW RW RW RW OR/W itiali ‘ 
(-) () (x) (x) (0) (0) (X) (X) ao by UDCCn:RST 


L_s[estat] connection staus bt] CSTAT Connection ICSTAT| ==————SSCConnectionstatusbit. = bit 
Device is disconnected 
bit1 


TMODE Transfer Mode bit 


Low Speed (This device does not support Low Speed ) 
Full speed 


bit2 
SUSP Suspend bit 
Resume operation 
1 Suspend host operation 
bit3 
SOFBUS SOF timer operation bit 
SOF timer is idle 
1 SOF timer is busy 
bit4 


Read value is unstable. Always write "1" to this bit. 


bitd 
eserved Reserved 
Read value is unstable. Writing has no influence 
bit6 to 7 


> 
x : undefined value Be -:| Read value is unstable. Writing has no influence 


R/W : Readable and writable 


: Initial value 
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| Bitmames | Function 
Bit7-5 Read value is unstable. Writing has no influence. 
Always write "1" to this bit. Read value is unstable. 


This bit is set to"1" when a SOF token is executed by setting HTOKENn register. When 
the read value of this bit is "1", it means that the SOF timer is operating. When the read 
value of this bit is "0", it means that the SOF timer is not operating. 
Writing "0" to this bit stops SOF timer. Writing "1" to this bit is ignored. 

Bit3 SOFBUSY . P ‘ : a exis : Ald : 
It takes time to stop the SOF timer after writing "0" to this bit. To confirm if the SOF timer 
has been stoped, read this bit. 
UDCCn:RST bit must be set to "0" to update this bit. When UDCCn:RST bit is "1", this bit 
is initilaized. 


This bit sets the suspend status in the host mode. 
Writing "1" to the bit sets suspend status. 
Writing "0" to this bit when it is "1" or a change of USB bus to the k-state cancels the sus- 
pend status. In this case HIRQn:RWKIRQ is set. 
It is forbidden to set the bit to "1" while the USB is operating (when resetting the USB bus 
Bit SUSP or sending/receiving data or the SOF timer is operating). 
I 
In host mode, it is forbidden to stop the USB clock even in suspend status. 
To update this bit the UDCCn:RST bit must be set to "0". 
It is prohibited to set this bit to "1" in USB function mode. 
If itis set to "1" before changing the mode from Host to Function mode, you must get out of 
suspend status by writing "0" into it before changing the mode. (please refer to Table 30.4- 
2). 


This bit indicates the transfer mode, i.e when "1" Full Speed and when "0" Low Speed 
Bit1 TMODE (This device does not support Low Speed mode). 
It is not initialized with the UDCCn:RST bit. 
This bit indicates whether a device is connected or not, in Host mode. When the read 
F value of this bit is "1", it means that the USB device is connected. When the read value of 
BitO CSTAT this bit is "0", it means that the USB device is not connected. 
This bit is not initialized with the UDCCn:RST bit. 


Table 30-2. Suspend Setting 


Po sush eration 
writing "1" 


Writing "0" when itis set to "1 
State maintenance 
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30.4.5 SOF Interruption FRAME Comparison Register (HFCOMPn) 


The SOF interrupt FRAME comparison register (HFCOMPn) is used to set data that is compared with the lower 8 bits of 
FRAME Number of SOF token. 


SOF Interruption FRAME Comparison Register (HFCOMPn) 


Figure 30-7. Bit Configuration of SOF Interruption FRAME Comparison Register (HFCOMPn) 


Initial Value: 


00000000, 


Ay BY FX) tnitialised by UDCCn:RST 
bit8 to 15 


| | | | | | | >! FCMP7-FCMP0 | SOF Interruption FRAME Comparison register| 


: undefined value 


: Readable and writable 


: Initial value 


This register holds the value to be compared with the lower 
8 bits of the Frame Number of SOF token. 


It is not initialized with the UDCCn:RST bit. 


When a SOF transmission starts, in the case HCNTHn:SOFSTEP is "0", the FRAME 
Bit15-8 FCMP7-FCMPO Number in least significant 8 bits of the SOF token and HFCOMP are compared. And if a 
match is detected, HIRQn:SOFIRQ bit is set. In this case, if HCNTLn:SOFIRE bit is "1", 


an interrupt is generated. 
In the case HCNTHn:SOFSTEP is "1", this register is ignored. 
This register is not initialized with the UDCCn:RST bit. 
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30.4.6 Retry Timer Setting Registers (HRTIMERLn, HRTIMERMn, HRTIMERHn) 
The retry timer setting register (HRTIMERLn, HRTIMERMn, HRTIMERH)n) is used to set a retry time period for a token. 


Retry Timer Setting Register (HRTIMERLn, HRTIMERMn, HRTIMERHn) 

Figure 30-8. Bit Configuration of Retry Timer Setting Register (HRTIMERLn, HRTIMERMn, HRTIMERHn) 
7 6 5 4 3 2 1 0 Initial Value: 

00000000, 


RTIMO7 RTIMO6 RTIMOS RTIMO4 RTIMO3 RTIMO2 RTIMO1 RTIMOO 


Rw RW RW RW RW RW RW OR/W Per 
(X) (X) (X) (X) (X) (X) (X) (X) Initialised by UDCCn:RST 


| | | | | | | bitO to 7 


RTIMO07-00 Retry Timer Setting Register 
15 14 13 12 11 10 9 8 Initial Value: 
RTIM17 RTIM16 RTIM15 RTIM14 RTIM13 RTIM12 RTIM11 RTIM10 000000008 


R/W R/W R/W R/W R/W R/W R/W R/W 


(X) (X) (X) (X) (X) (X) (X) (X) Initialised by UDCCn:RST 
| | | | | | | | bit8 to 15 
23(7) 22(6) 21(5) 20(4) 19(8) 18(2) 17(1) 16 (0) Initial Value: 
Reserved|Reserved|Reserved|Reserved|Reserved|Reserved] RTIM21 | RTIM20 000000008 


= = : 7 = . R/W R/W 
(-) (-) (-) (-) (-) (-) (X) (X) Initialised by UDCCn:RST 


bit16 to 17 
RTIM21-20 Retry Timer Setting Register 


bit18 to 23 


P Reserve Reserved 
| 0 [Always write "0" to this bit 


x : undefined value 
R/W : Readable and writable 
: Initial value 


These bits set the time to retry a token (after receiving a 

NACk). When the HCNTHn:RETRY bit is "1", a retry timer 
RTIM21-RTIM20 is activated after the token is started, and the timer is 

decremented by "1" at the transfer clock rate (12 MHz at 


Bit17-0 RTIM17-RTIM10 Full Speed) until it reaches zero. When the counter reaches zero, the retry operation is fin- 
ished after the current token is executed. 


RTIMO7-RTIMOO When a token retry occurs in an EOF area, the retry timer 
stops until the SOF is complete. The down counting is resumed after the SOF is executed 
This register is not initialized with the UDCCn:RST bit 
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30.4.7 Host Address Register (HADRn) 


The host address register (HADRn) is a register used to set the address field when a token is to be sent. 


Host Address Register (HADRn) 
Figure 30-9. Bit Configuration of Host address Register (HADRn) 
15 Initial Value: 


000000008 


Resreved 


RW RW RW RW RW RW RW 
(-) (X) (X) (X) (X) (X) (X) (X) Initialised by UDCCn:RST 
| | | | | | | bit8 to 14 


. IHADR6-HADRO Token address value 


bit1S 


pReseve] —CResoned = 
| Read value is not stable. Writing does not influence operatiqn 


Xx : undefined value 
R/W : Readable and writable 


: Initial value 


| Bitmames | Function 
Bit15 Read value is not stable. Writing does not have any influence. 


Set token address in this register. 
Bit14-8 HADR6-HADRO It is not initialized with the UDCCn:RST bit. 
This register is not initialized with the UDCCn:RST bit. 
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30.4.8 EOF Setting Register (HEOFn) 
The EOF setting register (HEOFn) defines a time period for which a token is inhibited before the execution of the SOF token. 


EOF Setting Register (HEOFn) 


Figure 30-10. Bit Configuration of EOF Setting Register (HEOFn) 


EOF06 


EOF05 


EOF03 


EOF02 


EOFO1 


EOFOO 


R/W 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


Initial Value: 


000000008 


Initialised by UDCCn:RST 
bitO to 7 
> ; ; 


15 


14 


13 


12 


11 


10 


Reserved|Reserved] EOF15 | EOF14 


EOF13 


EOF12 


EOF11 


EOF10 


(-) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


R/W 
(X) 


EOF07-EOF00 End Of Frame Setting Register 


Initial Value: 


xx000000, 


Initialised by UDCCn:RST 


| | bit8 to 13 


m EOF15-EOF10 


bit14 to 15 


> Reserved 
a Read value is unstable. Writing does not influence operatio 


End Of Frame Setting Register 


: undefined value 
: Readable and writable 


: Initial value 


| Bitmames | Function 
Bit15-14 Read value is unstable. Writing does not have any influence. 


The EOF registers hold a time period during which the execution of a token is inhibited 
EOF15-EOF10 
Bit13-0 
EOF07-EOF00 


before the execution of SOF. If the value stored in the SOF timer turns out to be lower than 
value stored in the HEOF register, for any of an IN, OUT or SETUP token execution 
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30.4.9 | FRAME Setting Register (HFRAMEn) 


The FRAME setting register (HF RAMEn) is used to set the FRAME Number of SOF tokens. SOF is transmitted automatically 
every 1ms after HTOKENn:TKEN bits are set to SOF transfer (TKEN[2:0] = 100B). 


FRAME Setting Register (HFRAMEn) 
Figure 30-11. Bit Configuration of FRAME Setting Register (HFRAMEn) 


Initial Value: 


000000008 


FRAME07|FRAMEO6|FRAMEOS|FRAME04|FRAMEO3/FRAME02|FRAME01|FRAMEOO 


R/W R/W R/W R/W R/W R/W R/W R/W kas 
(0) (O) (O) (O) (O) (O) (O) (O) Initialised by UDCCn:RST: 


| | bitO to 7 


>| FRAME00-07 Frame Number Register 


10 9 8 Initial Value: 


Reserved | Reserved | Reserved | Reserved | Reserved |FRAME12|/FRAME11|FRAME10} 10000003 


- - RW RW RW RW RW RW 
(-) (-) (-) () (-) (0) (0) (O) Initialised by UDCCn:RST 


| | | bit8 to 10 


. FRAME10-12 Frame Number Register 


bit11 to 15 


7 >feseved Resend = 
: undefined value | oo | Read value is unstable. Writing has no influence. 


: Readable and writable 


: Initial value 


| Bitmames | Function 
Bit15-11 Read value is unstable. Writing has no influence 


These bits are used to set the frame number of SOF token. 
Before setting the HTOKENn:TKNEN bits to SOF (TKNEN[2:0] = 100B), the Frame Num- 
FRAME00 - FRAMEO7 | ber must be set to these bits. 
Bit10-0 When the HSTATEn:SOFBUSY bit is "1" or an SOF token is being executed, write opera- 
FRAME10 - FRAME12 tion is inhibited. 
The UDCCn:RST bit must be set to "0" to update the register. This bit is initialized when 


UDCCn:RST bit is "1". 


When the HTOKENn:TKEN bits to SOF activation are set, the SOF timer starts and, afterwards, an SOF is automatically sent 
out every 1 ms. The FRAME setting register is automatically incremented by 1 every time a SOF is completed. 
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30.4.10 Host Token Endpoint Register (HTOKENn) 
The host token endpoint register (HTOKENn) is a register that sets a toggle, endpoint, and token. 


Host Token Endpoint Register (HTOKENn) 
Figure 30-12. Bit Configuration of Host Token Endpoint Register (HTOKENn) 


7 6 5 4 3 2 1 0 


Initial Value: 


EppTs | EppT2 | EDpT1 | EDPTo 
00000000, OOO0O0000 


TGGL | TKEN2 | TKEN1 | TKENO 


R/W RAW R/W RW R/W RWW RW R/W 
(0) (0) (OQ) (O) (O) (CO) (0) (0) _ Initialised by UDCCn:RST 


bit0 to 3 
EDPT3-EDPTO Endpoint number 


bit4 to 6 


TKEN2-TKENO Token permission bits 


bit7 


TGGL Toggle bit 


: . Toggle Data 0 
Xx : undefined value Toggle Data 1 
R/W : Readable and writable 
: Initial value 


| itmames | Fmetion 


The bit setting defines, at transmission, the toggle value to be sent. 

At reception, the received toggle data is compared to the toggle data which this bit shows 
Bit7 TGGL and used for error detection. 

When updating this bit confirm that UDCCn:RST bit is set to "0" and the TKEN bits are set 

to "000". 


Setting these bits sends a token corresponding to its value. Once the operation is com- 
pleted, these bits are changed to "000B", and the HIRQn:CMPIRQ bit is set to "1". If 
HCNTLn:CMPIRE bit is set an interrupt is generated. 
When update TKNEN bits, the UDCCn:RST bit must be "0". These bits are initialized when 
UDCCn:RST bit is "1". and operation mode is to be Mini-Host mode. 
If a token is issued again after a interrupt due to token is generated, you should wait for 
; three cycles or longer in terms of USB transfer clock (12 MHz) before writing to the 

Bit6-4 TKEN2-TKENO TKNEN bits. 
Writing to the TKNEN bits will not transmit any token in disconnection status 
(HSTATEn:CSTAT = "0") 
In the case that the SOF token is set to these bits (100B), setting of TGGL bit and ENDPT 
bit are ignored. 
If the HSTATEn:SOFBUSY bit is set, writing "100" to these bits is forbidden. (Please refer 
to table 30.4-3 for token settings) 


: Those bits define the transmit and receive endpoint of the device. 
Bit3-0 EDPT3-EDPTO : : 
The UDCCn:RST bit must be set to "0" to update the register. 
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Note: 
The TGGL and EDPT bits are ignored when a SOF token is executed. 


Table 30-3. Token Setting 


Bite | its | ite | Operation 
oo fof Nov token sent out 
oo fot SETUP token sent out 


30.5 USB Mini-host operation 


This section describes the operation of USB Mini-Host. 
30.5.1 Device Connection 


30.5.2 USB Bus Reset 
30.5.3 Token Packet 
30.5.4 Data Packet 
30.5.5 Handshake Packet 
30.5.6 Retry Function 
30.5.7 SOF Interrupt 
30.5.8 Error Status 

30.5.9 Packet End 
30.5.10 Suspend Resume 


30.5.11 Device disconnection 


30.5.1 Device Connection 


The method of detecting the connection of an external USB device by software is described. 


Setting of Mini-host Function 
The HCNTLn:HOST bit must be set to "1" to turn the USB function as a host. 


Disconnection Status, Connection Status of an External USB Device 


When the external USB device is disconnected, both pins UDP and UDM, are "L" because of the pull-down resistors. Then 
the HSTATEn:CSTAT bit is "0", and the TMODE bit is undefined. The HSTATEn:CSTAT bit becomes "1" when the external 
USB device is connected. 

Detection the connection of an external USB device 


When an external USB device is connected, the HIRQn:CNNIRQ bit becomes "1". In the case that the HCNTLn:CNNIRE bit 
is "1", a device connection interrupt is generated. Clearing this bit to clear the interrupt. To detect the connection of the exter- 
nal USB device not through interrupt but through polling, a program so that it ensures that the HCNTLn:CNNIRE bit is set to 
"0" and then HIRQn:CNNIRQ bit is set to "1". 


Acquiring transfer speed of destination USB device and selecting the clock 
HSTATEn:TMODE bit holds the information regarding the transfer speed of the connected USB device. 
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If the connected device is a Full Speed device then TMODE = "1". 


If the connected device is a Low Speed device then TMODE = "0". 


Note: 


Low Speed mode is not supported by this device. 


Figure 30-13. 2 Connection detection timing example of the USB device speed 


USB device connection 


Terminal UDP for Mini—Host 


Terminal UDM for Mini—Host 


2 2.5us 


CSTAT bit of HSTATEn < 


TMODE bit of HSTATEn Indeterminate 


CNNIRQ bit of HIRQn / 


"4 " 


HOST bit of HCNTLn / 


Note: 


The HSTATEn:CSTAT bit is set to "1" in 2.5 us after the external USB device is connected. The HSTATEn:TMODE and 
HSTATEn:CSTAT bits are updated regardless of the setting of the HCNTLn:HOST bit. 


30.5.2 USB Bus Reset 


When the HCNTLn:URST bit is set to "1" in the host mode, USB Mini-Host drives SEO for not less than 10 ms to indicate a 
reset condition to the device. When the USB bus reset is completed, the URST bit is cleared to "0" and HIRQn:URIRQ bit is 
set to "1". In this case, if the HCNTL: URIRE bit is enabled, an interrupt is generated. Clearing HIRQn:URIRQ bit clears the 
interrupt. 


Precautions to be taken when resetting the USB bus 


Please note the following when resetting the USB bus: 
1. Before the USB bus is reset, HSTATEn:CSTAT bit must be checked to confirm if the device is connected. 


2. When the USB bus is being reset, the HSTATEn:CSTAT bit is automatically cleared to "0" and the USB device status 
turns "disconnected". In this case the HIRQn:DIRQ bit is not set to "1". 


3. After the USB bus reset is completed, the HSTATEn:TMODE bit should be checked to confirm that the connected device 
is "Full Speed" device. 
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Figure 30-14. Reset Timing Example to Device 


>=10mMs 
Teminal UDP for Mini- HOST 
< > 
Teminal UDM for Mini-HOST 
URST bit of HCNTn 
CSTAT bit of HSTATEn \ 
URIRQ bit of HIRQn 
Write "1" to HCNTn:URST bit fore 


30.5.3. Token Packet 


To execute any of IN, OUT or SETUP token, the token packet is started when the necessary data are set in the Host Token 
Register (HTOKENn) after setting the HADRn register, DIR bit of EP1Cn register (or EP2Cn register) and PKS bit of EP1Cn 
register (or EP2Cn register). In case you want to send a SOF token, you must set necessary data in the Host Token Endpoint 
Register (HTOKEN) after configuring the FRAME Setting Register (HFRAME) and EOF Setting Register (HEOF). If registers 
(HADRn, EP1Cn, EP2Cn, HEFRAMEn and HEOFn) have not been changed, it is not required to set them. 


Seiting of Token Packet 
In the host mode endpoint 1 and endpoint 2 are used as transmission buffer and reception buffer. 


For the IN, OUT or SETUP token, set the destination address in the host address register (HADRn), and set the maximum 
transferable number of bytes in one packet is set in the EP1Cn:PKS bits (or the EP2Cn:PKS bits), and the the direction of the 
token transfer is to be set in the EP1Cn:DIR bit (or the EP2Cn:DIR bit). If the EP1Cn:DIR is set to "1", the buffer for endpoint 
1 is used for OUT-direction transfer (transmit buffer) and the buffer for endpoint 2 is used for IN-direction (receive buffer). In 
this condition, the EP2Cn:DIR bit must be set to "0" (The EP1Cn:DIR and EP2Cn:DIR bits should be complement of each 
other i.e, if one is IN buffer the other should be OUT buffer). On similar lines, when EP1Cn:DIR bit is "0", the buffer for end- 
point 1 is used for IN-direction transfers and the buffer for endpoint 2 is used for OUT direction transfers. In this condition, the 
EP2Cn:DIR bit must be set to "1". 


To excute a TOKEN, the setting is to be done in following sequence. 
1) The direction is to be specified in to the DIR bits of EP1Cn and EP2Cn. 


2) In the case that the target endpoint m (m=1 or 2) is for OUT transfer, write the transmition data in to the buffer of endpoint 
m, and clear the EPmSn:DRQ bit to "0". In the case the direction is IN transfer, readn the EPmSn:DRQ bit to confirm that it is 
"oO". 

3) Set the target endpoint, token and toggle data in to the host token endpoint register (HTOKENn).rget endpoint token and 
toggle data in the Host Token endpoint register (HTOKENn). 


The USB circuit sends out a token packet in the following order: Sync, token, address, endpoint, CRC5, and EOP based on 
the specified token (a Sync, CRC5, and EOP are automatically sent). Once one packet is complete, the HIRQn:CMPIRQ bit 
is set to "1", and the HTOKENn:TKEN bit is set to 000g (See 30.5.7 SOF Interrupt). If the HCNTLn:CMPIRE bit is "1" at this 
time, an interrupt occurs. Clearing HIRQn:CMPIRQ clears the interrupt. 
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Figure 30-15. Example of Register Setting until Execution of INYOUT/SETUP Token 


Write to HADRn Write to EP1Cn or EP2Cn ‘ 
(When a change is required) (When a change is required) Wilte IO TORENK 


Register write —_ > 
signal 


Confirm the status of the buffer for endpoint 1/endpoint 2 


In the case of an SOF token, when an EOF time and FRAME number are set in the EOF setting register (HEOFn) and 
FRAME setting register (HFRAMEn) respectively, and the SOF token code to the HTOKENn:TKEN bits is written, a Sync, 
SOF token, FRAME number, CRC5, and EOP are sent out and the HSTATEn:SOFBUSY bit is set and the HFRAMEn is 
incremented. The HIRQn:CMPIRQ is also set (triggering an interrupt if enabled in the HCNTn:CMPIRE bit) and the HTO- 
KENn:TKEN bits are cleared. Next or later SOF executed automatically does not cause an interrupt by the HIRQn:CMPIRQ. 


SOF is automatically sent out every 1 ms as long as the HSTATEn:SOFBUSY bit is set to "1". 


The conditions (SOF stop conditions) that set the HSTATEn:SOFBUSY bit to "0" are described below: 

mg Writing "0" to HSTATEn:SOFBUSY bit directly. 

m AUSB bus Reset (Writing "1" to HCNTn:URST). 

m AHSTATEn:SUSP bit is set (by a direct write access). 

m Disconnection of the device (HSTATEn:CSTAT bit gets cleared to "0"). 

To switch from host mode to device mode, at first clear the HSTATEn:SOFBUSY bit to "0", confirm that the read value of 


HSTATEn:SOFBUSY is "0" and read value of the HTOKENn:TKEN bits are "000B" and read value of the HSTATEn:SUSP is 
"0", and then clear HCNTLn:HOST bit to "0" to change the mode to device mode. 


If you want to set back the HSTATEn:SOFBUSY bit to "1" again, you need to run an SOF token once again. 


To prevent the simultaneous executions of a SOF token with other tokens, the EOF setting register is used to send a token 
(which is already set) after waiting for SOF completion, if the HTOKENn:TKEN bits are written between the EOF setting time 
and the SOF start time. The unit of time for the EOF setting register is one bit time. For example, when setting 10,, to the EOF 
setting register, the following time is required: 16x1/12 MHz = 1333.3 ns in Full speed mode. If the EOF set time is shorter 
than one packet time, the SOF execution may overlap other token execution. In this case, the HERRn:LSTSOF bit is set to 
"{" and the SOF is not executed. When the HERRn:LSTOF bit is set to "1", the data of the EOF setting register must be 
increased (See 30.4.8 EOF Setting Register (HEOFn)). 


Figure 30-16. SOF Timing 


SOF start SOF start 
Lk EOF set time EOF set time 


ius 
EOF >1 packet time 


30.5.4 Data Packet 


In case a data packet is transmitted after a token packet has been sent, a toggle data is transmitted based on the HTO- 
KENn:TGGL bit, and then the buffer data (from the transmit buffer of EndPoint1 or EndPoint2 that is selected according to the 
EP1Cn:DIR bit setting), the CRC16 data, and EOP is sent. In case of receiving the data packet, the HTOKENn:TGGL bit and 
the received toggle data are compared and in case of match, the received data is stored in the buffer of endpoint 1 or end- 
point 2 depending on the EP1Cn:DIR bit setting and the CRC16 error is checked. 
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30.5.4.1 Data Packet 


After sending a token packet, the data packet is executed in the following procedure: 


At Transmission 


m Sync is sent automatically. 

m *DATAO is transmitted when the HTOKENn:TGGL bit is "0" and DATA1 is transmitted when the HTOKENn:TGGL bit is 
"4 " 

m When the EP1Cn:DIR is set to "1", the buffer for endpoint 1 is selected, otherwise endpoint 2 buffer is selected and all 
data is transmitted. 


m EP1Cn:DIR bit is to be set to inverted value of EP2Cn:DIR bit, when the HCNTLn:HOST bit is "1". For example, when the 
EP1Cn:DIR bit is "0", the EP2Cn:DIR bit is set to "1". 


m ?The CRC16-bits are sent. 
m The EOP 2-bits are sent. 
m The J State 1-bit is sent. 


At Reception 


m Sync is received 

m ?The toggle data is received and is compared with the HTOKENn:TGGL bit. 

m ?In the case they match, if EP1C:DIR bit ="0" the received data is stored in the buffer for endpoint 1 otherwise it is stored 
in the buffer of endpoint2. 

m When the EOF is received, the CRC16 bit is checked. 


EP1Cn:DIR bit is to be set to inverted value of EP2Cn:DIR bit, when the HCNTLn:HOST bit is "1". For example, when the 
EP1Cn:DIR bit is "0", the EP2Cn:DIR bit is set to "1". 


30.5.5 Handshake Packet 


Handshake packet is used to inform the status of Mini-Host to the USB device. 


Handshake Packet 


The handshake packet is used by the receiver to inform from the receiver to the transmitter about the status of the transmis- 
sion. The receiver transmits one of ACK, NAK or STALL status in a handshake packet to inform the transmitter whether it is in 
proper condition and can receive data properly. When the USB circuit receives a handshake packet, the type of received 
handshake packet is set in the HERRn:HS bits. When the handshake packet is transmitted, the type of transmitted hand- 
shake packet is set in the HERRn:HS bits. 


30.5.6 Retry Function 


This function enables the transfer error handling by retransmission. 


Retry Function 


If NAK or an error such as CRC error occurs when the packet transfer is completed, USB Mini-Host continues to retry the 
transfer during a time period set in the retry timer register (HRTIMERLn, HRTIMERMn, HRTIMERHn) if the retry function is 
enabled (i.e. HCNTHn:RETRY is set to "1"). 


If an error except STALL and disconnected device happens (HERR:HS="01", HERR:RERR="1", HERR:TOUT="1", 
HERR:CRC="1", HERR:STUFF="1"), USB Mini-Host retries to process the token as long as the HCNTHn:RETRY bit is set to 
af bee 

The retry is stopped by the following conditions: 

m HCNTHn:RETRY bit is cleared to "0". 

m= Detecting "0" in the retry timer registers . 

m The occurrence of an interrupt due to SOF (HIRQn:SOFIRQ = "1") 
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m ACK Detection 

m Detection of device disconnection 

The retry timer is activated when the token processing starts, counts down with one-bit transfer clock and stops counting 
when a retry happens in an EOF area. If HIRQn:SOFIRQ bit is "0" when a SOF token is completed, the retry timer restarts 


from the last value hold in the counter when it was stopped. When the SOF token is complete and the retry timer is "0", the 
packet is terminated and then HIRQn:CMPIRQ bit is set to "1". 


Figure 30-17. Retry Timer Operation (HIRQn:SOFIRQ = "0") 


Token beginning 


retry 


Token execution 


Timer countdown Timer restart 


Timer stop 


Retry generation 


When the retry operation is completed, end information on the complete packet is set in related registers. 


30.5.7. SOF Interrupt 


This chapter describes the SOF interrupt processing. 


SOF Interrupt 


When a SOF starts, HCNTLn:SOFIRQ bit is set to "1" according to HCNTHn:SOFSTEP bit and the SOF interruption FRAME 
comparison register (HFCOMPn) settings. If the HCNTLn:SOFIRE bit is set to "1", an interrupt is triggered when 
HIRQn:SOFIRQ bit is set. If SOFSTEP is "0", SOF Interrupt Request Flag HIRQn:SOFIRQ bit is set when the lower 8 bits of 
SOF Frame number are equal to the value set in the SOF Interruption Frame Comparison Register(HFCOMPn). If SOFSTEP 
is "1", SOF Interrupt Request Flag HIRQn:SOFIRQ bit is set whenever SOF is executed. But HIRQn:SOFIRQ bit is not set by 
the first SOF token (the SOF token is set by setting the HTOKEN:TKEN bits). The interrupt is enabled if HCNTLn:SOFIRE bit 
is set. The first SOF execution with the host token endpoint register (HTOKENn) setting does not set the HIRQn:SOFIRQ bit 
to"1". 
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Figure 30-18. SOF Interrupt 
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In the case SOFSTEP bit of Host Control Register (HCNTHn) is "1" 
The SOF 
transmission 


following SOF 
<—transmission 


SOFIRQ bit of HIRQn 


rh 


Soft clear Soft clear 
In the case SOFSTEP bit of Host Control Register (HCNTHn) is "0" 
The SOF following SOF 
< transmission >| transmission 
| | | | 
HFRAMEn (010H) : (0114) X 
HFCOMPn (011H) 


SOFIRQ bit of HIRQn 


Lower 8 bits of HEFRAMEn 
match with HCOMPn 


If you set the HCNTHn:CANCEL bit and a token other than SOF (in the HTOKENn) is set in the EOF area, and the 
HIRQn:SOFIRQ bit is set to "1" in the next SOF, the token required by HTOKENnh is not executed and the HTOKENn:TKEN 


bits are set to 000g. In this case, the HIRQn:CMPIRQ bit is not raised. 


Cancellation of a token can be known by checking the HIRQn:TCAN (Token Cancellation) flag after the HIRQn:SOFIRQ flag 
is raised. If the token is to be executed again, HIRQn:TCAN flag must be cleared, and the token settings must be specified 


again in the HTOKENn:TKEN field. 


If the HCNTHn:CANCEL bit is set to "0", the token set in the HTOKENn register is executed after the SOF is sent. 


Figure 30-19. Example of Token Cancel Operation when HCNTHn:CANCEL bit is "1". 


IN TOKEN write 


l_ EOFarea _ le SOF 
execution 


TCAN bit of HIRQn 


SOFIRQ bit of HIRQn 


TKNEN bit of HTOKENn (0008) —_\ (0108) \ (0008) 


CMPIRQ bit of HIRQn 


"9" 
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Figure 30-20. Example of Token Operation when HCNTHn:CANCEL bit is "0". 


IN TOKEN write 


y SOF IN TOKEN 
K EOF area —>< execution" >< execution > 
| 


SOFIRQ bit of HIRQn 


TKNEN bit of HTOKENn (0008) (0108) \ (0008) 


CMPIRQ bit of HIRQn 


30.5.8 Error Status 


This chapter describes the various error types that the USB Mini-host can detect. 
30.5.8.1. Error Status 


Stuffing error 


If 6 bits are continuously equal to "1", one "0" bit must be stuffed in the sequence to keep the receiver synchronized. If 7 bits 
in a row are equal to "1" are encountered, the HERRn:STUFF bit is set signaling a stuffing error. Write "0" to clear 
HERRn:STUFF bit. If the next token is executed without clearing the STUFF bit, it is updated when the next token is com- 
pleted. 


Toggle error 


When an IN token is received, the HERRn:TGERR bit is set if the toggle data for the data packet and the HTOKENn:TGGL bit 
do not match. Write "0" to clear HERRn:TGERR bit. If the next token is executed without clearing the TGERR bit, it is updated 
when the next token is completed. 


CRC error 


When an IN token is received, a CRC calculation is performed on the received data with the CRC polynomial G(X) = 
X'6.X154X?41. If the remainder is not 800Dy, then a CRC error is detected and the HERRn:CRC bit is set. Write "0" to clear 
HERRn:CRC bit. If the next token is executed without clearing the CRC bit, it is updated when the next token is completed. 


Time-out error 


The HERRn:TOUT bit is set if a data packet or handshake is not received within a the specified interval or if SEO is detected 
in the received data, or a stuffing error is detected. Write "0" to clear HERRn:TOUT bit. If the next token is executed without 
clearing the TOUT bit, it is updated when the next token is completed. 


Receive error 


The HERRn:RERR bit is set if the received data size is greater than the packet size limit. The packet size limit specified in the 
EP1Cn:PKS field is referred when endpoint 1 is used and EP2Cn:PKS is referred when endpoint 2 is used. Write "0" to clear 
HERRn:RERR bit. If the next token is executed without clearing the RERR bit, it is updated when the next token is completed. 
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30.5.9 Packet End 


This chapter describes the Packet End process. 


Packet End Timing 


When one packet transfer is completed in USB Mini-host, an interrupt is triggered by the HIRQn:CMPIRQ bit (if the interrupt is 
enabled by setting HCNTLn:CMPIRE). 


The interrupt is generated in the following timing: 
m When the HTOKENn:TKEN bits are 001p, 0108 or 011, (SETUP token, IN token, and OUT token) 


Figure 30-21. First example of HIRQn:CMPIRQ Bit Set Timing 


Write to the TKEN bits of HTOKENn 
Token packet data packet handshake packet 
] I ] I ] 


| 
JT X Sync \ TKN ADR\ ENoPT| GRCS)\ EOP Js X Sync \racuX DAA X CRCI 6 (EOP JT H Sync (ACK) EOP { Jo 


CMPIRQ bit 
(HIRQn) 


J-ST  :J State 
TKN — : Taken 
ADR _ : Address 
ENDPT: Endpoint 


TGGL : Toggle 
m When the HTOKENn:TKEN is 100g (SOF token) 
Figure 30-22. Second example of HIRQn:CMPIRQ Bit Set Timing (SOF TOKEN) 
Write to the TKEN bits of HTOKENn 
J-ST \ Sync \ TKN FRAME X CRO \ EOP \ J-ST 
CMPIRQ bit 
(HIRQn) 
J-ST J State 
TKN — :Token 
FRAME :Frame Number 
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30.5.10 Suspend Resume 


USB Mini-host supports suspend and resume operations. 


Suspend Operation 

When "1" is written to the HSTATEn:SUSP bit, USB Mini-Host follows steps below and transits to suspend status. 
m USB bus is set in a high impedance state. 

m Circuit blocks where clock is not necessary is stopped. 


When the USB circuit is put in suspend status, it sets the SUSP bit of the host status register (HSTATEn:SUSP) to "1". It is 
prohibited to set HSTATEn:SUSP to "1" when USB bus is being reset or the HSTATEn:SOFBUSY bit is "1" or data is being 
sent or received. Stopping clock supplied to the USB circuit is also forbidden in such case. 


Resume Operation 

Resume operation is started when one of the following conditions is fulfilled: 
1. Writing "0" to HSTATEn:SUSP bit. 

2. The pins UDP and UDM for Mini-host are detected to be in k-state. 

3. Detecting device disconnection. 

4. Detecting device connection. 


After the HIRQn:RWKIRQ bit is set, token is allowed again. The followings diagram s show the operation timing for each con- 
dition: 


Figure 30-23. Resume Operation by Register (Full Soeed Mode) 


(1) Write "0" to the SUSP bit of the host state status register (HSTATEn) when the SUSP bit is "1" 


Write "0" to bit 2 of HCNTn 


<———— ._ 20ms * ——————S- 1.33ms * <1 bit time 
RWKIRQ bit if HIRQn [- 


Output from USB Mini—Host 


—.+.-.-.-.. Driven by resistances of pull-up and pull-down 


* : This value is not guaranteed. 
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Figure 30-24. Resume Operation by detecting K-state on UDP and UDM (Full Speed Mode) 
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(2) detecting K-state on UDP and UDM 


Discovers that Mini-HOST pin UDP and Mini-HOST pin UDM become K State 


\\ 


Pin UDP \ 
for Mini-HOST 
Pin UDM / 
for Min -HOST ~~ 
<—— 


RWIRQ bit of HIRQn 


\\ 


20ms* 


1.33ms 


> 4+ 1 bit time 


- 


Output from USB Mini—Host 


*: This value is not guaranteed. 


Driven by resistances of pull-up and pull-down 


Figure 30-25. Resume Operation by Device disconnection 


(3) Device disconnection is detected. 


RWKIRQ bit of HIRQn 


Device disconnection is detected 


disconnection 


Pin UDP a 
Pin UDM 
for Mink-HOST ~ 


for Mini-HOST Pe ease ee Pema ee ee ee ee ee ee 


(RWKIRE="1") 


HIRQn DIRQ bit 
(HONTLn:DIRE="1") 


Interrupt 
occurs 


CSTAT bit of HSTATEn 


k<—_——- 


_..............._ Driven by resistances of pull-up and pull-down 


2.5us or more =————> 
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Figure 30-26. Resume Operation by Device Connection 


(4) Device connection is detected 


Connect 


Pin UDP 2 eae een een ER aT ECT? See OAT le aT 
for Mini-HOST / 


Pin UDM 
for Mini- HOST a SF pe ee cee oe een 


RWKIRQ bit of HIRQn 
(RWKIRE="1") 


HIRQn:CNNIRQ bit 
‘CNNIRE="1" Interrupt 
(HCNTLn:C ="1") —— occurs 


CSTAT bit of HSTATEn 
Ke. 2.5us or more =——— 


_................ Driven by resistances of pull-up and pull-down 


30.5.11. Device disconnection 


Once both Mini-host pins UDP and UDM become "L", the disconnection timer starts, and sets the HSTATEn:CSTAT bit to "0" 
when both pins detect "L" for 2.5 us or longer. 


Device disconnection 


When both mini-host pins UDP and UDM detect "L" for 2.5 Lts or longer, it determines that the device is disconnected. There- 
fore, the HSTATEn:CSTAT bit becomes "0" and the HIRQn:DIRQ flag is also set to "1". If the HCNTLn:DIRE bit is "1", an 
interrupt is triggered. Clearing the HIRQn:DIRQ flag clears the interrupt. When the USB bus is reset, it determines that the 
device is disconnected and sets the HSTATEn:CSTAT bit to "0", but the HIRQn:DIRQ bit is not set to "1". 
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30.6 Token Flow Chart 


The flow chart of each USB Mini-host token. 


IN, OUT, SETUP Token 
Figure 30-27. Flow Chart at IN, OUT, SETUP Token 
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SOF Token 


Figure 30-28. Flow Chart of SOF Token 


USB Mini-Host 


change? 
HFRAME change 
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TOKEN execution 
(Setting TGGL and ENDPT 
is disregarded.) 
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This chapter explains the memory patch function and how the data patch or a debug function can be realised with that. 
31.1 Outline of the Memory Patch Function 


31.2 Registers of the Memory Patch Function 
31.3 Operation of the Memory Patch Function 


31.1 Outline of the Memory Patch Function 


The Memory Patch Function can detect addresses for code fetch or data access on the 16FX core bus. If the address 
matches the value set in a patch function address register, the code or data read is replaced with the value given by the 
according data patch register or an hardware interrupt is asserted. 


This data replacement function can be used to insert a software interrupt/break point, branch instruction or to patch the code 
or data words directly. Consequently, the CPU executes the instruction or reads the data specified in the patch register 
instead of the value addressed in the memory. 


The hardware interrupt can be used to implement a data break point. 


Structure of the Memory Patch Function 
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Figure 31-1. Block diagram of the Memory Patch Function 
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The Memory Patch Function (MPF) has 8 channels, which can be used independently for 8 single address points or grouped 
for 4 address ranges. Figure 31-1 shows the structure of the MPF. 


Each channel of the MPF has a patch function address register (PFAx), a patch data register (PFDx) and a common patch 
function control/status register (PFCSx) for a group of 2 channels. Each channel has an address match indication flag (I), an 
interrupt enable bit (IE) and a patch enable bit (PE) in the PFCSx. Each group of two channels has a common address mask 
(AM) and a common address range (AR) control bit. In addition there is one byte configuration data to match a specific 
access type for each group of two channels (READ, WRITE, BYTE, WORD, CODE, DATA, CPU, DMA). 


642 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“ame” «EMBEDDED IN TOMORROW Memory Patch Function 


31.2 Registers of the Memory Patch Function 


The Memory Patch Function has following registers: 

m Patch function address registers (PFAO to PFA7) 

Patch function data registers (PFDO to PFD7) 

Patch function control/status registers (PFCSO to PFCS3) 
EDSU extension register (EDSU) 


Patch function address registers (PFAO to PFA7) 
Figure 31-2. Patch function address registers (PFAO to PFA7) 


byte+2 byte+1 byte+0 Access Initial value 
PFAO 03BAy, - 03B8, PFAHO | PFAMO | PFALO R/W undefined 
PFA1 03BD,, - 03BBy, PFAH1 | PFAM1 | PFAL1 R/W undefined 
PFA2 03CO0y - O3BE, PFAH2 | PFAM2 | PFAL2 R/W undefined 
PFA3 03C3y - 03C1, PFAH3 | PFAM3 | PFAL3 R/W undefined 
PFA4 03C6y,, - 03C4,, PFAH4 | PFAM4 | PFAL4 R/W undefined 
PFA5 03C9q, - 03C7} PFAH5 | PFAM5 | PFALS5 R/W undefined 
PFA6 03CCy, - 0O3CAy PFAH6 | PFAM6 | PFAL6 R/W undefined 
PFA7 03CFy, - 03CDy PFAH7 | PFAM7 | PFAL7 R/W undefined 


The address of each bus access is compared with the contents of the patch function address registers (PFAO to PFA7). If the 
address of the bus access matches one of the patch function address registers and the access type matches one of the upper 
8 configuration bits in the according PFCSx, the address match indication bit (PFCSx:1) is set for this channel. Further action 
depends on the configuration of the IE or PE bits in the patch function control/status register. 


Within each group of two channels, an address mask and an address range function can be used. Following description uses 
the group of channel 0 and 1 as example: 


In case of the mask option (PFCSO:AM=1), PFAO defines the address and PFA1 defines the mask for the address. Bits con- 
taining 1’ in the mask are not compared and are always matched. In the case of a matching access type (upper 8 bits of 
PFCSx), the match indication bit PFCS0:10 is set, if following equation is true: 


PFAO | PFA1 == AD | PFA1. 
AD reflects the address on the bus. 


For the range option (PFCS0:AR=1) PFAO defines the starting point of the address range and PFA1 defines the end point of 
the address range. In the case of a matching access type (upper 8 bits of PFCSx), the PFCS0:10 bit is set for all addresses 
matching the range from PFAO to PFA1. 


PFAO <= AD <= PFA1. 


For using the memory patch function (PFCSx:PE=1 and PFCSx:IE=0), bit 0 of the PFAx is ignored. The whole word accessed 
will be patched. 


The patch function address registers PFAO to PFA7 are undefined after reset. The patch function address registers can be 
read and written. 


For reference of the patch function control/status bits see Table 31-2. It lists the correspondence between the patch function 
address registers PFAx, the patch function data registers PFDx and the patch function control/status register PFCSx. 
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Patch function data register (PFDO to PFD7) 


Figure 31-3. Patch function data registers (PFDO to PFD7) 
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PFDO 03D1, - 03D0, 
PFD1 03D3, - 03D2,, 


PFD2 03D5,, - 03D4, 
PFD3 03D7,, - 03D6, 
PFD4 03D9}, - 03D8, 
PFD5 03DBy - 0O3DAy 
PFD6 03DDy, - 03DCy 
PFD7 03DFy - 03DEy, 


byte+1 byte+0 
PFDHO | PFDLO 
PFDH1 PFDL1 
PFDH2 | PFDL2 
PFDH3 | PFDL3 
PFDH4 | PFDL4 
PFDH5 | PFDL5 
PFDH6 | PFDL6 
PFDH7 | PFDL7 


Access 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


Initial value 
undefined 
undefined 
undefined 
undefined 
undefined 
undefined 
undefined 
undefined 


The patch function data registers (PFDO to PFD7) define the replacement value of the data read in the case of a match. Ifa 
match on the access type (upper 8 bits of PFCSx) and on the patch function address register (PFAx) occurs and PEx=1 and 


IEx=0, the data defined by the PFDx register is read. 


If PFCSx:AM or PFCSx:AR is enabled, only matches on channels 0/2/4/6 are generated and only PFDO/2/4/6 is used for data 


replacement. 


The value of the PFDx register is only replaced on the bus, when the PE bit is set and the IE bit is cleared. However, PFDx 
can be used by the embedded debug support unit (EDSU) for defining a data value or data mask for operand break detection. 


For that purpose (data value break) both the PE bit and the IE bit need to be set to ’1’. 


The patch function data registers PFDO to PFD7 are undefined after reset. The patch function data registers can be read and 


written. 


644 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


SCYPRESS 


“a” «= EMBEDDED IN TOMORROW Memory Patch Function 


Patch function control/status register (PFCSO to PFCS3) 
Figure 31-4. Patch function control/status register (PFCS0/1/2/3) 


Address: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 «0 Initial value 
proso oonsen, feafendprepowpondianfen oul [om [ei [rofe Teo] we] coon, 
Access: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RIWOR/WO 
Address: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 «0 Initial value 
presi oonaeey feofmrdneonfodoerfor[oul aso [rere] Teo] [=] 0000, 
Access: R/W RW RIW RW RW RW RW RW RW RW RW RW RW RW sR/WOR/WO 
Address: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value 
prose onnaedy feofmrdironfoodoenf ono so [re ro[e Teo] [=] 0000, 
Access: RW RW RW RW RW RW RW RW RW RW RW RW RW RW sR/WOR/WO 
Address: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 Initial value 
Access: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RWOR/WO 
R/W_: Readable and writable ; 
R/WO : Readable and writable, but only clear possible 


The patch function control/status register (PFCSx) controls the operation of the memory patch function and reflects the status 
of each MPF channel. Each register word PFCSx belongs to a group of two channels. 


For a detailed description of the control and status bits refer to Table 31-1. The functions controlled by each bit in the PFCS1 
to PFCS3 registers are identical to PFCSO, only the channel index of the PFA and PFD registers have to be incremented by 
2/4/6 accordingly. 


Table 31-1. Function of each bit of the PFCSO (MPF channel 0 and 1) 


This bit controls, if read accesses are considered for the address match detection. This includes the read part 
of read-modify-write. 
+ Writing ’0’ - Read accesses do not match. 
mee a + Writing ’1’- Read accesses match. 
+ The bit can be read and written. 
The READ bit is cleared after reset. 


This bit controls, if write accesses are considered for the address match detection. 
+ Writing ’0’ - Write accesses do not match. 
bit 14 WRITE Writing 1’ - Write accesses match. 
* The bit can be read and written. 
The WRITE bit is cleared after reset. 
This bit controls, if byte accesses are considered for the address match detection. 
+ Writing 0’ - Byte accesses do not match. 
bit 13 BYTE Writing ’1’- Byte accesses match. 
* The bit can be read and written. 
The BYTE bit is cleared after reset. 
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Se 31-1. Function of each bit of the PFCSO (MPF channel 0 and 1) 


se __| bit controls, if word accesses are considered for the address match detection. 
+ Writing ’0’ - Word accesses do not match. 
Writing 1’ - Word accesses match. 
+ The bit can be read and written. 
The WORD bit is cleared after reset. 


This bit controls, if accesses for code fetch are considered for the address match detection. 
+ Writing ’0’ - Code accesses do not match. 

+ Writing 1’ - Code accesses match. 

+ The bit can be read and written. 

The CODE bit is cleared after reset. 


This bit controls, if data accesses are considered for the address match detection. 
+ Writing ’0’ - Data accesses do not match. 

+ Writing '1’- Data accesses match. 

+ The bit can be read and written. 

The DATA bit is cleared after reset. 


This bit controls, if CPU accesses are considered for the address match detection. 
+ Writing ’0’ - CPU accesses do not match. 

+ Writing ’1’- CPU accesses match. 

+ The bit can be read and written. 

The CPU bit is cleared after reset. 


This bit controls, if DMA accesses are considered for the address match detection. 
+ Writing ’0’ - DMA accesses do not match. 

+ Writing ’1’- DMA accesses match. 

+ The bit can be read and written. 

The DMA bit is cleared after reset. 


The address mask bit AM controls the mask option of the MPF channel 0. 


Writing ’0’ - The mask option for PFAO is disabled. Instead PFA1 defines the address for channel 1, if not 
used as range. 


Writing 1’ - PFA1 is used as OR-mask for both PFAO and the address value on the bus at address match 
evaluation. 


If the AR bit is set to ’1’, the setting of the AM bit is ignored (no mask). 
The bit can be read and written. 

The MPF channel 1 is not available if the mask option is used. 

The AM bit is cleared after reset. 


The address range bit AR controls the range option of the MPF channel 0. 


Writing ’0’ - The range option for PFAO/PFA‘1 is disabled. Instead PFAO and PFA1 define the address for 
channel0 and 1 independently, if PFA1 is not used as mask. 


Writing ‘1’ - PFAO is used as start address and PFA1 is used as end address for the address value on the 
bus at address match evaluation. 


The bit can be read and written. 
The MPF channel 1 is not available if the range option is used. 
The AR bit is cleared after reset. 


The patch enable bit controls the data replacement function of MPF channel 1. 
Writing ’0’ - The data replacement (patch) function is disabled. 


Writing ‘1’ and IE1=’0’ - The data replacement (patch) function is enabled. In case of an address match 
with PFA1, the value of PFD1 is read instead of the addressed memory position. 


Writing 1’ and IE1='1’ - The data replacement (patch) function is disabled. However, the channel 1 can 
not generate a data value break. The PFD1 register is dedicated to define the mask for the data value, in 
case of channel 0 is used as data value break. 


+ The bit can be read and written. 
If PE1='1’ and IE1='0’ (patch), bit 0 of PFA1 is handled as don’t care. 


If either AM or AR is set, no address match is generated on MPF channel 1. Thus the PE1 bit has no meaning 
for that case. 


The PE1 bit is cleared after reset. 


646 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sn CYPRESS 


“a «= EMBEDDED IN TOMORROW Memory Patch Function 


Table 31-1. Function of each bit of the PFCSO (MPF channel 0 and 1) 


The patch enable bit controls the data replacement function and the data value break of MPF channel 0. 
Writing ’0’ - The data replacement (patch) function is disabled. 


Writing ’1’ and IEO='0’ - The data replacement (patch) function is enabled. In case of an address match 
with PFAO, the value of PFDO is read instead of the addressed memory position. 


Writing ’1’ and IEO='1’ - The data replacement (patch) function is disabled. The combination of PEOQ='1’ 
and IEO="1’ is used to enable the data value match (see Table 31-3). 


The bit can be read and written. 
If PEO='1’ and IEO=’0" (patch), bit 0 of PFAO is handled as don’t care. 
The PEO bit is cleared after reset. 
This is an enable bit for the interrupt flag 11. It controls the hardware interrupt generation of MPF channel 1. 
This is used to implement an operand break feature. 
+ Writing ’0’ - The interrupt is disabled. 


* Writing 1’ - The interrupt is enabled. In case of an address or type match, an INT9 hardware interrupt is 
asserted. 


* The bit can be read and written. 
The IE1 bit is cleared after reset. 
This bit has no meaning if AM or AR is set. 
This is an enable bit for the interrupt flag 10. It controls the hardware interrupt generation of MPF channel 0. 
This is used to implement a operand break feature. 
Writing ’0’ - The interrupt is disabled. 


Writing '1’ - The interrupt is enabled. In case of an address, type or data value match, an INT9 hardware 
interrupt is asserted. 


If the PEO bit is set in addition, the channel 0 operates as data value break. An additional data match is 
required to assert INT9. 


The bit can be read and written. 
The IEO bit is cleared after reset. 


This is the match indication/interrupt flag for channel 1. The address match condition can be combined with 
the access type match. Once set, the bit remains set until cleared by software. 


Reading ’0’ - Indicates that there was no match since last clear operation. 


Reading ’1’ - Indicates that at least one match has occurred since last clear operation. If IE1 is set, an 
interrupt is issued. If PE1 is set and IE1 is cleared, the read data on the bus are replaced by PFD1. 


Writing ’0’ clears the bit 
Writing ’1’ has no effect 
A RMW instruction reads always ’1’ 


If a write access to the | flag and a hardware event, which sets the | flag, occures at the same time, the hard- 
ware event has precedence. 


If either AM or AR is set, no match is generated on MPF channel 1. Thus the 11 flag will not be set in that case. 
This bit is cleared after reset. 

Before enabling the interrupt function (IE1=1), it is recommended to clear the 11 bit. 

This is the match indication/interrupt flag for channel 0. The address match condition can be combined with 
access type and data value matches. Once set, the bit remains set until cleared by software. 

* Reading ’0’ - Indicates that there was no match since last clear operation. 


Reading ’1’ - Indicates that at least one match has occurred since last clear operation. If IEO is set, an 
interrupt is issued. If PEO is set and IEO is cleared, the read data on the bus are replaced by PFDO. 


Writing ’0’ clears the bit 
Writing ’1’ has no effect 
A RMW instruction reads always ’1’ 


If a write access to the | flag and a hardware event, which sets the | flag, occures at the same time, the hard- 
ware event has precedence. 


This bit is cleared after reset. 
Before enabling the interrupt function (IEO=1), it is recommended to clear the I0 bit. 


Table 31-2 lists the correspondence between the patch function address registers PFAx, the patch function data registers 
PFDx and the patch function control/status register PFCSx. 
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Table 31-2. Correspondence between PFAx, PFDx and PFCSx 


Patch address (PFA) 
Patch data Control/status register (PFCS) 
AR=0 AR=0 (PFD) ‘AGeaae ; 
WEA Teas pels! pcabeotipaiiatct ace 


vrcso lpresy LO _[e2__[reo_] 
" : AM | AR 


era [port |pont [stat pot | Pro _| ie fieo |e 


The PFCSx:IEx and PFCSx:PEx configuration bits select the main operation of the MPF channel. 


Table 31-3. Channel Operation definition by the IE and PE bits in PFCS 


Operation 


Off. 


No interrupt and no data patch enabled. However, an address match is recorded in the I-flag, when one of 
the enabled access types (PFCS[15:8]) and the given address (PFA, PFCS:AR, PFCS:AM) are matching. 


Memory patch (ROM correction, memory protection). 


The memory patch function is enabled. In case of an address and type match the data value on the bus is 
replaced by the contents of the patch function data register (PFD). 


In addition to the data replacement at read access, the bus transfer is not effective for the accessed 
address. In case of a read, the memory patch function serves the access. In case of a write, the access is 
not executed. This can be used to implement a memory protection function, which cancels the access 
before data were modified. 


Usually, the memory patch function is not required to distinguish between different access types. Hence, the 
bits PFCS[15:8] should be all set to "1". However, explicit access type filtering is also possible together with 
the patch function. 


If an address containing an opcode is configured to patch this memory location with the opcode of INT9, this 
function can be used to implement an instruction break. The read value of the original instruction is replaced 
by the opcode of INT9. 


Operand address break. 


This function is mainly used to provide an operand address break. In case of an address and access type 
match, the I-flag is set and an interrupt (INT9) is issued. The access types can be configured for explicit data 
access (PFCS:DATA=1 and PFCS:CODE=0). The other filter options for the access type are useful to match 
amore specific type. 


This function can also match accesses for code fetch (PFCS:DATA=0 and PFCS:CODE=1). Please con- 
sider, that fetched code may not be executed (prefetch mechanism of the CPU). Hence, this function is not 
intended to be used to implement an instruction execution break. The instruction break should be realized 
by using the memory patch function (IE=0 and PE=1, as described). 


Data value break. 


This configuration provides a combined operand access break with an explicit data value match. In case of 
an address, access type and data match with PFD, the I-flag is set and an interrupt (INT9) is issued. 

The data value break is only available for channels PFDO, PFD2, PFD4 and PFD6. The neighbored PFDs 
(PFD1, PFD3, PFD5 and PFD7) are used as data mask. However, the neighboured PFAs can still be used 
for an operand address break, if they are configured for that purpose. 


The patch function is not enabled in that case. 
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EDSU extension register (EDSU) 
Figure 31-5. EDSU extension register (EDSU) 


Initial value 
OX0X000Xp 


Address: 
EDSU 0003AF\, 


14 11 
sl pene 


Access: - R/W R R/W R/W R/W R 


R/W _ : Readable and writable 
R : Read only 


To avoid the implementation of the debug services directly in the kernel of the application, external event can be handled by 
the system to trigger the debug services. For further information regarding the debug system, refer to the Boot ROM specifi- 
cations. 


The EDSU extension register (EDSU) controls the embedded debug support, based on the address and data match func- 
tions. There are mainly two functions controlled by this register: 
m General enable the hardware trigger of INT9 for debug functions (EDSU:EN). 


m Select a communication interface; its receive and/or transmit interrupt is able to trigger an INT9 exception to realize a 
break on request of this interface (EDSU:SEL, EDSU:TIE, EDSU:TINT, EDSU:RIE, EDSU:RINT). For extended capabili- 
ties of the break interrupt selection, see the description of the EDSU2 register. 


For a detailed description of the control and status bits of EDSU refer to Table 31-4. 


The interrupt vector of the INT9 can be configured to be located at a fixed address (OxOFFFD8), to be at a location indepen- 
dent from the value of the table base register (TBR). For details about fixing the vector address of INT9, please refer to the 
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chapter "Interrupts", "NMI control status register (NMI)". This option is used to increase the reliability of a debug system mak- 
ing use of the EDSU functions. 


Se 31-4. Function of each bit of the EDSU register 


bit 15 


se | enable bit EN controls the generation of hardware INT9 requests of the embedded debug system. It 
bit 14 


enables the interrupt generation of the address match detection, data value match detection and of the 
selected communication device receive interrupt in general. The memory patch function is not affected by this 
bit 13 
bit 12 


bit. 

+ Writing ’0’ - Disables embedded debug support. 
Writing 1’ - Enables embedded debug support. 

«The bit can be read and written. 

The EN bit is cleared after reset. 


Unused bit. 
+ Read returns undefined value. 
+ — Writing to this bit is ignored. 


This bit enables INT9 for the transmit interrupt of the selected communication device. 
+ Writing ’0’ - The INT9 generation on transmit IRQ is disabled. 

+ Writing 1’ - The INT9 generation on transmit IRQ is enabled. 

+ The bit can be read and written. 

The TIE bit is cleared after reset. 


This bit reflects the actual status of the transmit interrupt flag of the selected communication device 
The bit is read only. 
Writing is ignored. 


To clear the interrupt flag, use the according interrupt flag in the selected communication device (periph- 
eral resource). 


The initial value depends on the selected communication device. See the specification of the according 
peripheral resource. 


These bits select the monitor debugger communication device. 
* _USART 0, USART 1, USART 2 and USART 3 can be selected according to the table below. 
* These bits can be read and written. 
The SEL bits are initialized with 0 after reset. 
bit11to 10 | SEL1, SELO SEL1 | SELO | USART 


This bit enables INT9 for the receive interrupt of the selected communication device. 
+ Writing ’0’ - The INT9 generation on receive IRQ is disabled. 
bit 9 + Writing 1’ - The INT9 generation on receive IRQ is enabled. 

+ The bit can be read and written. 

The RIE bit is cleared after reset. 

This bit reflects the actual status of the receive interrupt flag of the selected communication device 
The bit is read only. 
Writing is ignored. 

RINT To clear the interrupt flag, use the according interrupt flag in the selected communication device (periph- 

eral resource). 

The initial value depends on the selected communication device. See the specification of the according 

peripheral resource. 
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EDSU extension register 2 (EDSU2) 
Figure 31-6. EDSU extension register 2 (EDSU2) 


Address: 15 8 7 0 Initial value 

0003AD} TSEL RSEL 00 00 
EDSU2  003ACy H 
Access: R/W R/IW 


R/W_ : Readable and writable 


The EDSU extension register 2 (EDSU2) controls the extended break interrupt selection to trigger an INT9 exception. For 
both transmit and receive interrupt channels an interrupt number can be choosen out of the complete interrupts available in 
the system. There is no restriction for the selectors, to be bound to a specific transmit or receive function. 


For a detailed description of the EDSU2 register refer to Table 31-5. 


Table 31-5. Function of the EDSU2 register 


Select the interrupt channel number to be reflected by the TINT bit of the EDSU register. The selected inter- 

rupt number will be directed to IRQ9Q in case of TIE is set in the EDSU register. 

* Writing a number different from ’00’ - Enables extended interrupt number selection. An interrupt channel 
bit 15 to 8 TSEL can be selected free of choice. 

* Writing ’00’ - The standard selection method by SEL1 and SELO in the EDSU register is effective. 

* The byte can be read and written. 

TSEL is cleared after reset. 


Select the interrupt channel number to be reflected by the RINT bit of the EDSU register. The selected inter- 

rupt number will be directed to IRQ9Q in case of RIE is set in the EDSU register. 

* Writing a number different from ’00’ - Enables extended interrupt number selection. An interrupt channel 
bit 7 to 0 RSEL can be selected free of choice. 

* Writing ’00’ - The standard selection method by SEL1 and SELO in the EDSU register is effective. 

* The byte can be read and written. 

RSEL is cleared after reset. 


For the selected interrupt numbers, a possible interrupt level configuration has no effect. The interrupts are taken directly from 
the peripheral functions or resources connected. However enabling the interrupt within the selected peripheral function or 
resource is required. 
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31.3. Operation of the Memory Patch Function 


This section describes the usage of the Memory Patch Function for different application purposes. 


Memory Patch Function 


This is a data replacement function bound to an address match. It can be used to insert a software interrupt/break point, 
branch instruction or to patch the code or data words directly. Consequently, the CPU executes the instruction or reads the 
data specified in the patch register instead of the value addressed in the memory. 


The memory patch function replaces the read data value on the 16FX core bus with a value loaded to the patch function data 
register PFDx. The patch function is sensitive on an address given by PFAx. 

To use this function, do the following: 

m Select a free MPF channel "x" and disable its usage by clearing the PEx and IEx bits. 

m Set all bits in PFCS[15:8] to match all access types. 

m Program the address into PFAx (16bit - word access, address bit 0 is ignored) 

7 


Program the replacement data into PFDx. If byte data should be corrected, copy the other byte from the original memory 
location (it is not usable to patch byte variables, where the neighboring byte is not constant). 


m Enable the PEx bit 

When an address matches the value set in the patch function address register, following operation is performed by the Mem- 
ory Patch Function: 

m The address match indication bit Ix is set. 


m The read access is redirected to the patch function data register, consequently the CPU or DMA will read the value pro- 
grammed into the PFDx register. 


m Aprobable write access has no effect. 


For the purpose of the implementation of a memory protection function, the address range of the configuration registers of the 
address match detection function should be also considered to be protected. 


Instruction address break 

Each MPF channel can be used to act as instruction break. The same procedure is used as described for the memory patch 
function. The special case is, that the INT9 instruction code (01,4) is programmed on the according byte position in the patch 
function data register. PFAx should specify an address where instruction code is located. 


The mask and range option can be used to define the address region, which is sensitive for the instruction break. 


Be careful with the range option for the instruction address match. Starting from or ending at an odd address requires the use 
of a separate channel. When the PE bit is set, the address bit 0 is masked. 


Operand address break 
With the MPF an operand address break can be realized by using its address match functions. 


To use this function, do the following: 
m™ Select a free MPF channel "x" and disable its usage by clearing the PEx and IEx bits. 
m Program the address into PFAx (byte access, hence address bit 0 is significant) 


m Program the access types to be detected in the PFCSx. At least one item out of each group of preferences need to be 
selected: 
Direction {READ|WRITE}, Size {BYTE|WORD}, Purpose {CODE|DATA}, Master {CPU|DMA}. 
If both items in a group are enabled, any access matches with regard to the specific preference. Normally DATA=1 and 
CODE=0 is chosen to detect only operand addresses for the purpose of an operand address break. 

m The address mask and range options may be useful for specifying the address match condition. 

m Enable the IEx bit 


Set the EDSU_EN bit to ’1’ 
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When an address matches the value set in the patch function address register and the access type matches the given config- 
uration, an interrupt is asserted. The operand address break function will cause an INT9 exception by hardware. 


Data value break 


The operand address break feature can be combined with an explicit data value match by using the patch data registers to 

program the data match rules (data value and data mask). 

To use this function, do the following: 

m Do the same steps described above for the operand address break. 

m Consider that only channels 0/2/4/6 can be used. The odd numbered channels’ PFD registers 1/3/5/7 are for specifying 
the data mask. Do not enable PE of the according odd channel.! 
Program the data value into PFD[x] of an even numbered channel. 
Program the data mask into PFD[x+1] (odd numbered channel). Bits set to 1’ are not compared. The exact value of 
PFD[x] is matched when PFD[x+1] is equal to 0000}. In case of byte access to variables should be matched, consider the 
mask usage for the according byte lane (odd address: mask the lower byte, even address: mask the upper byte). 

m Enable the IEx bit 

m Enable the PEx bit 

m Set the EDSU_EN bit to 1’ 

When an address matches the value set in the patch function address register and the access type matches the given config- 


uration and the data matches the value given in the patch data register, an interrupt is asserted. The data value break function 
will cause an INT9 exception by hardware. 


1. The odd numbered channel can still be used as operand address break without mask, since it does not need the PFD register. 
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This chapter explains the ROM mirroring module. 
32.1 Outline of ROM/RAM Mirroring Module 


32.2 ROM Mirroring Register (ROMM) 


32.1 Outline of ROM/RAM Mirroring Module 


The ROM/RAM-Mirroring module maps the logical address (e.g. CPU address) of bank 00 to a physical address in a selected 
ROM bank. The mirrored ROM size is configurable. Unused ROM-Mirror area is used for mirroring RAM from bank 01. 


Block diagram of ROM mirroring module 
Figure 32-1. Block diagram of ROM/RAM mirroring module 


physical address space 
logical address space 
bank FF 
(CPU, DMA) “A. 
/ bank FE 
y mM 
/ / qf bank FD 
tty 
ii Dn bank FC 
| ne 
ROM-Mirroring a wi. ee 
at enabled (sae bank F3 
uncanie ROM Mirroring 7 
00:8000), - 00:FFFF,, ROM Mirroring configuration _ > bank F2 
enable (ROMM:MIl) ROMM:SZ[1:0] 
ROMM:BS[3:0] ~ SS bank F1 
Se 
S bank FO 
ROM-Mirroring tt 
disabled ‘ 
address: bank 01 
00:0000,, - 00:7FFFy bank 00 


Only ROM-addresses of the upper half of ROM banks FO, to FFy (Fx:8000, to Fx:FFFF) can be mirrored to bank 004. The 
lower half of a ROM bank is never mirrored. If the ROM-Mirroring function is disabled, bank 01, is mirrored to bank 00y. 
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32.2 ROM Mirroring Register (ROMM) 


The ROM Mirroring register (ROMM) configures all functions of the ROM mirroring module: 


mg the mirrored ROM bank 
m_ the size of the mirrored ROM 
m the ROM mirror enable 


ROM mirroring register (ROMM) 


PE 
Ws 
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Address: 7 6 5 4 3 2 1 0 Les Initial value 
OO003AE,, | ass | ase fesi ] aso | - | sz] sao] | 1111X111, 
R/W R/W R/W R/W--OR/W R/W R/W 
2 ae 
| | bitO 
| | 0 | ROM-Mirroring function is disabled 
! 
} 
bit2 bit 
Ene arene! Mirror size selection 
I 8kB ROM mirrored 
16kB ROM mirrored 
24kB ROM mirrored 
32kB ROM mirrored 
bit3 
a 
read value is undefined 
bit[7:4] 
Le ee BS[3:0] mirrored Bank selection bit 
0000 | part of Bank FO, is mirrored 
... | part of Bank Fx is mirrored 
R/W : Readable and writable part of Bank FFy, is mirrored 
X : undefined value 
: Initial value 
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Table 32-1. Description of ROMM 


pS BitName Pct 


These bits select the mirrored ROM-bank. BS[3:0] correspond to bit [3:0] of the memory bank address. 


ROMM:BS[3:0] | mirrored Memory bank 


BS[3:0]: 
bank selection bits 


bit [7:4] 


The initial value is ’1111’ (Bank FF, selected). 


Write always ’0’ to this bits. 
bit 3 undefined The read value is undefined. 
RMW instructions are not affected. 
SZ[1:0] These bits select the size of the mirrored ROM-Bank. See Table 32-2 for detailed description. 
Mirror size select bits The initial value is 11’. 


This bit enables the ROM mirroring function. 
Writing '0’ disables the ROM-Mirroring function. The addresses 01:8000, to 01:FFFFy, are mirrored to bank 00. 


Writing 1’ enables the ROM-Mirroring function. The image of the ROM data in the bank selected by 
ROMM:BSJ3:0] can also be accessed in the 00 bank. 


The initial value is 1’ (ROM-Mirror enabled). 


MI: 
Mirror enable bit 


If the selected ROM-Mirror size is less than 32kB, address area from bank 01, is mirrored to bank O00, instead. If bank 014 
contains RAM above address 01:8000,, this RAM can be accesses via bank 00,4. 


Table 32-2. description of Mirror size select bits MS[1:0] 


mirrored selected ROM/RAM-area ROM/RAM.-mirrored to 
for mirroring area 
(physical address) (logical address) 


row [ex | soy Ferrey | _coetmoy- 0 FFF 
leds 


Note: 


Do not write the ROM mirroring register (ROMM) when code is executed from addresses inside the mirrored memory area. 
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Figure 32-2. example for ROM-Mirroring function 


ROMM:SZ[1:0]='01’; 
default ROMM:BS='1111’ 
FF.FFFF 
FF.Co00 ROM 
ROM | \ 0 ror eeee 
FF.8000 ROM-area from 
as ee ee | FF.CO00,-FF.FFFFY 
mirrored to 
00.C000,4-00.FFFFy 
FF.0000 
i << 
O1FFFF |  £#| | 000% 
RAM B81 C000 . east 
01.5000, |: le Lane 
RAM-area from 
aaa EE 01.8000);-01.BFFFy, 
: Z mirrored to 
00.cooo | er 00.8000,,-00.BFFF;, 
32k-ROM-Mirrong’” = © ~~ 
16k-RAM-Mirror 
00.8000 | ieee. 
28k-RAM 28k-RAM 
Le _. | ree [ee 
00.0000 lO-area | ek |O-area 
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This chapter explains the functions and operation of the flash memory. 
33.1 Overview of the Flash Memory 


33.2 Block Diagram of the Flash Memory and Sector Configuration of the Flash Memory 
33.3 Flash Memory Modes 

33.4 Program/Data Flash (Main Flash) Memory Control Registers 

33.5 Data Flash Memory Control Registers 

33.6 Starting the Flash Memory Automatic Algorithm 

33.7 Confirming the Automatic Algorithm Execution State 

33.8 Detailed Explanation of Writing to and Erasing Flash Memory 

33.9 Notes on using Flash Memory 


33.10 Flash memory programming example 


33.1 Overview of the Flash Memory 


The flash memory is used to store the user program and data. Different types of Flash memory modules are available in 


F°MC-16FX Flash MCU products. See "User ROM Memory map for Flash devices" in the datasheet for a detailed flash con- 
figuration of each device. 


Instructions from the CPU can be used to write data to and erase data from the flash memory. Internal CPU control therefore 
enables rewriting of the flash memory while the MCU is mounted on a PCB. As a result, improvements in programs and data 
can be performed efficiently. 


33.1.1 Flash memory types 


Different types of flash modules are available in F7MC-16FX MCUs. See the datasheet which memory types are available in 
each device. The datasheet also describes a detailed sector configuration for each device. 


Program/Data Flash (Main Flash) 


This is the standard flash macro which is optimized for high read performance. Up to two modules of this type (Flash A and 
Flash B) are available on F®MC-16FX MCUs. 


The Flash A is mapped in the CPU memory map to the banks DF to FF. Small sectors are located in bank DF. Depending on 
the size of the Flash A, large sectors are located starting at bank EO or higher up to bank FF. 


On some devices, a second flash memory, called Flash B is available which can be operated independently. The small sec- 
tors of this Flash are located in bank DE. They can be used for on-chip EEPROM emulation, boot loader etc. 


Devices with a bigger Flash B also have large sectors between bank EO and FF. 
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Data Flash 


This memory type is optimized for programming by CPU and on-chip EEPROM emulation. Also up to two modules of this type 
(Data Flash A and Data Flash B) are available on F°MC-16FX MCUs. 


The sectors of the Data Flash A are mapped to bank OD and OE. The sectors of the Data Flash B are mapped to bank OC and 
OE. 


33.1.2 | Flash memory features 


Common features of all Flash modules 


Use of automatic program algorithm (Embedded Algorithm: Equivalent to Spansion MBM29LV200TC). 
Erase pause/restart functions provided. 

Detection of completion of writing/erasing using data polling or toggle bit functions. 

Detection of completion of writing/erasing using CPU interrupts. 

Sector erase function (any combination of sectors). 

Fast Mode programming function (equivalent to Spansion MBM29LV200TC) 


Features of Program/Data Flash (Main Flash) 


m Program/erase possible by CPU (user program and serial flash writer) and in Flash mode (parallel flash writer). 
m Byte and Word programming possible in CPU and Flash mode. 

m Flash reading cycle time: Minimum of 1 machine cycles. 
a 


CPU reading is done 32 bit wide. The complete 32 bit word is stored in a read buffer and available without wait cycles ina 
following CPU read access. Independent buffer for code and data access. 


m Flexible programming of the Flash control signals and wait cycles to achieve best access performance at any machine 
clock frequency. 


m Programmable erase/write protection in CPU mode (sector-wise). 
m Code security to prevent read-out in a way not intended by the application. 


Features of Data Flash 


m Program/erase possible by CPU only (user program and serial flash writer). 

= Data width of Flash macro is 8 bit. 

m Byte and Word reading supported by internal sequencer hardware. 

m 2CPU write access modes: direct access and command sequencer access. 

m Write access data width: 8-bit in direct access mode, 8/16-bit in command sequencer access mode. 
= Support for data programming by DMA. 

Note: 


The Flash memory manufacturer code and device code are not available. The corresponding read commands specified for 
MBM29LV200TC are not supported. 


33.1.3 Writing to/erasing flash memory 


While the flash memory is erased or data is written to the flash memory, reading data is not possible. Hence, when it is 
required to read data or code from the flash memory while the memory is erased or written, the required data or code must be 
copied to RAM before starting the erase/write operation. This eliminates the need for the program to read the flash memory 
while the flash memory is erased or written. 


If more than one flash module is available, then it is possible to erase/write one Flash module while reading code and/or data 
from another flash module. Hence, there is no need to copy data or code to RAM. 


A sector erase operation can be suspended. In this suspend state it is possible to read data from other sectors. 
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33.2 Block Diagram of the Flash Memory and Sector Configuration of the 
Flash Memory 


This chapter shows a basic block diagram of the embedded flash memory and the global sector configuration of the different 
flash memory models. 


Block diagram of the flash memory 


Figure 33-1. Block diagram of the flash memory 


Flash memory 
interface circuit Flash memory 


Ports 


|[__» Write enable interrupt signal 
(to CPU) 


; RY/BY write 
External reset signal enable signal 


Sector configuration of the flash memory 


Figure 33-2 shows the sector configuration of the Program/Data Flash memory (Main Flash memory). The addresses in the 
figure indicate the high-order and low-order addresses of each sector. 


Depending on the size of the Flash A memory, up to 8 small sectors of 8KByte size each are available in SAO ... SA7, starting 
at SAO upwards. 


Depending on the size of the Flash A memory, a number of large sectors of 64KByte size are available in S39 ... S8, starting 
at S39 downwards. 


When the Flash B memory is available on the product, depending on the size of the Flash B memory, up to 8 small sectors of 
8KByte size each are available in SBO ... SB7, starting at SBO upwards. 


Depending on the size of the Flash B memory, an additional number of large sectors of 64KByte size are available below the 
large sectors of Flash A. 


See the datasheet for the availability of all sectors in each device. 
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Figure 33-2. Sector configuration of the Program/Data Flash memory (Main Flash) 


Alternative mode Flash memory Sector number 


mode address 
3F: 


CPU address 


EF's 


EF s 
FE: 


FE:0000h 
FD: FFFFh 
ED: 
EC: 


FC: 
FB: 


FB:0000h 
FA: 

FA: 
:FFFFh 


ES 


EO: 
sFFFFh 


F8 


By 
sFFFFh 


:0000h 
sFFFFA 


F6 


F6 
FS 


Fo* 
F4:FFFFh 


F4: 
:FFFFh 


F3 


ES 
sFFFFA 


:0000h 
:FFFFh 


F2 


F2 
Fl 


Ls 
sFFFFh 


FO 


FO: 
EF: 


EF: 
EE: 


EE: 
ED: 


ED: 
EC: 


EC: 
EB: 


EB: 
EA: 


EA: 
:FFFFh 


:0000h 
sFFFFA 


E8:0000h 
E7:FFFFh 


E9 


E9 
E8 


Bie 
:FFFFh 


:0000h 
:FFFFh 


E6 


E6 
E5 


ES: 
E4:FFFFh 


E4: 
sFFFFh 


E3 


E3: 
:FFFFh 


E2 


FFFFA 


0000h 
FFFFh 


0000h 
FFFFh 


0000h 
FFFFh 


FFFFh 
0000h 


0000h 


F8:0000h 
E7:FEFEh 


0000h 


0000h 


0000h 


0000h 


0000h 
0000h 
FFFFh 


0000h 
FFFFh 


0000h 
FFFFh 


0000h 
FEFEH 


0000h 
FFFFh 


0000h 
FFFFh 


0000h 


0000h 


0000h 


0000h 


0000h 


3F: 
3E: 


:0000h 
sFFFFh 


:0000h 
:FFFFh 


:0000h 
:FFFFh 


:0000h 
:FFFFh 


:0000h 
sFFFFA 


:0000h 
:FFFFh 


:0000h 
sFFFFA 


:0000h 
:FFFFh 


:0000h 
sFFFFh 


:0000h 
sFFFFA 


:0000h 
:FFFFh 


:0000h 
sFFFFA 


:0000h 
:FFFFh 


:0000h 
:FFFFh 


:0000h 
:FFFFh 


:0000h 
:FFFFA 


:0000h 
:FFFFh 


:0000h 
sFFFFh 


:0000h 
:FFFFh 


:0000h 
sFFFFA 


:0000h 
:FFFFh 


:0000h 
sFFFFh 


:0000h 
:FFFFh 


:0000h 
sFEFFFh 


:0000h 
:FFFFh 


:0000h 
sFFFFA 


:0000h 
sFFFFh 


:0000h 
:FFFFh 


Hs a 


laaeienerianes 
[ealea) 


eee eee ee 
IP be 


BIG PIG A A fe hy yh} 


FFFFh 


0000h 
FFFFh 


- size 


S39 - 64K 


S38 - 64K 


S37 - 64K 


S36 - 64K 


S35 - 64K 


S34 - 64K 


$33 - 64K 


S32 - 64K 


S31 - 64K 


S30 - 64K 


S29 - 64K 


S28 - 64K 


S27 - 64K 


S26 - 64K 
S25 - 64K 


S24 - 64K 


S23 - 64K 


S22 - 64K 


S21 - 64K 


S20 - 64K 


S19 - 64K 


$18 - 64K 


S17 - 64K 


S16 - 64K 


S15 - 64K 


$14 - 64K 


$13 - 64K 


$12 - 64K 


S11 - 64K 


S10 - 64K 


S9 - 64K 


S8 - 64K 


SA7 - 8K 


SA6 - 8K 


SA5 - 8K 


SA4 - 8K 


SA3 - 8K 


SA2 - 8K 


SA1 - 8K 


SAO - 8K 


SB7 - 8K 


SB6 - 8K 


[SB5-8K__| 
SB4 - 8K 
SB3 - 8K 


SB2 - 8K 


SB1 - 8K 


SBO - 8K 


fixed position (top sector Flash A) 


growing number of 64K 
Flash sectors (Flash A and Flash B, 
depending on the device) 


y 
A 


growing number of 8K 
Flash A sectors 


fixed position (bottom sector Flash A) 


A 


growing number of 8K 
Flash B sectors 


fixed position (bottom sector Flash B) 
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Figure 33-3 shows the sector configuration of the Data Flash memory for products supporting this feature (see the datasheet 
if and which Data Flash modules are available in each device). 


The Data Flash has a small 256 Byte sector for configuration of the Flash security function. This is mapped to CPU bank OE 
for both Data Flash memories (sectors SDAO and SDBO). 


Each Data Flash module has 4 Data sectors of 16KByte. Sectors of Data Flash A are mapped to CPU bank OD while sectors 


of Data Flash B are mapped to CPU bank 0C. 


The Flash memory mode addresses are given for reference only. Please note that the Data Flash modules are currently not 
supported by parallel flash writer. 


Figure 33-3. Sector configuration of the Data Flash memory 


Alternative mode 
CPU address 


OE:FFFF, 
OE:FFOO, 
OE:FEFFy, 
OE:FE00,, 


OE:FDFFy, 
0E:0000, 


0C:0000, 


Flash memory 
mode address 


(usage currently 
not supported) 


OE:FFFFy 
OE:FFO0, 
OA:FEFF,, 
OA:FE00}, 


OF:FFFFy, 
OF:C000,, 
OF:BFFFy 
OF 8000} 
OF:7FFFy 
OF:4000,, 
OF:3FFFy 
OF:0000, 
OB:FFFF, 
0B:C000,, 
OB:BFFF, 
0B:8000}, 
OB:7FFFy, 
0B:4000,, 
OB:3FFFy, 
0B:0000}, 


Sector number - size 


SDAO - 256 Byte 


SDBO - 256 Byte 


Reserved 


SDA4 - 16 KByte 
SDAS - 16 KByte 


SDB1 - 16 KByte 


Data Flash A (Configuration block) 
Data Flash B (Configuration block) 


Data Flash A 


Data Flash B 
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33.3. Flash Memory Modes 


The flash memory can be accessed in two different ways: Flash memory mode and CPU mode (alternative mode). Flash 
memory mode enables data to be directly written to or erased from the external pins. The CPU mode enables data to be writ- 
ten to or erased from the CPU via the internal bus. Use the mode pins MD[2:0] to select the mode as described in Table 8-3. 
Flash memory mode 


The CPU stops when the mode pins are set to MD[2:0] = 111 while the reset signal is asserted. The flash memory interface 
circuit is connected directly to ports, enabling direct control from the external pins. This mode makes the MCU seem like a 
standard flash memory to the external pins, and write/erase can be performed using a flash memory programmer. 


In flash memory mode, all operations supported by the flash memory automatic algorithm can be used. 


For more details about the Flash memory mode, refer to the parallel Flash programming specification. 


Note: 


The sector protect function of MBM29LV200TC via Vp (12 V) pin is not supported. Instead, there is a sector write protection 
that prevents accidental erase/write in alternative mode. Please refer to 33.4.3 Flash Memory Write Control registers 0-5 


(FMWCO0-FMWCS) for details. 
Note: 


The Data Flash requires different control signals for parallel programming. Please check with your programming equipment 
maker for support of this interface. A sector write protection as for the Program/Data Flash (Main Flash) is not supported by 
the Data Flash. 

CPU mode (Alternative mode) 


The Program/Data Flash memory is located in the DE to FF banks in the CPU memory space. The Data Flash memory is 
located in the OC to OE banks. Both can be read-accessed like ordinary mask ROM and also program-accessed from the 
CPU via the flash memory interface circuit. 


Since writing/erasing the flash memory is performed by instructions from the CPU via the flash memory interface circuit, this 
mode allows rewriting even when the MCU is soldered on the target board. 


33.4 Program/Data Flash (Main Flash) Memory Control Registers 


This chapter describes the control/status registers of the Program/Data Flash (Main Flash) which are needed to control the 
flash memory erase/write process and to configure the read access timing. 
Memory Control Registers 


The Flash A memory is controlled by the following registers: 

mu Memory Control/Status Register A (MCSRA) 

m= Memory Timing Configuration Registers A (MTCRAL/MTCRAH) 

The Flash B memory is controlled by the following registers: 

m= Memory Control/Status Register B (MCSRB) 

m Memory Timing Configuration Registers B (MTCRBL/MTCRBH) 

The permission to erase/write a sector of the Flash memory is stored in the following register: 
m Flash Memory Write Control registers FMWCO0-5 


33.4.1. Memory Control Status Register (MCSRA, MCSRB) 


The memory control status register (MCSRA for Flash A memory, MCSRB for Flash B memory) controls basic functions of the 
Flash memory interface circuit for reading and for program/erase. 


664 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sa CYPRESS 


“a” «= EMBEDDED IN TOMORROW Flash Memory 


Memory Control Status register (MCSRA, MCSRB) 
Figure 33-4. Configuration of the Memory Control Status Register (MCSRA, MCSRB) 


Address: 


0003F1,, (MCSRA for Flash A memory) 
0003F5,, (MCSRB for Flash B memory) 


15 14 13 12 «11 10 9 8 Initial value 


- R/W RW R/W R/W RW R/W R 


bit8 


RDY Flash RDY status 
0 


Write/erase ongoing 


1 Flash is ready (no write/erase ongoing) 


bit9 


RDYINT RDY Interrupt flag 


No write/erase command termination detected 


1 Write/erase command has terminated 


bit10 


INTE Interrupt Enable bit 


Ready Interrupt function disabled 


1 Ready Interrupt function active 


bit11 


WE Write Enable bit 
Writing to the Flash is disabled 
1 Writing to the Flash is possible 


bit12 


CRBE Code Read Buffer Enable bit 


0 Code read buffer is disabled 
Code read buffer is enabled 


bit13 


DRBE Data Read Buffer Enable bit 


0 Data read buffer is disabled 
Data read buffer is enabled 


bit14 


>| 1.9V operation mode select bit 


default opertation mode selected (for 1.8V core voltage) 


1.9V opertation mode selected 


bit15 
> - | Reserved id 
Siiedcneaesing 
R/W : Readable and writable 
R : Read only 


a : Initial value 
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———eeeee 33-1. Function of each bit of the Memory Control Status Register (MCSRA/MCSRB) 


| s«Bitnames names 


666 


RDY: 
Flash RDY status 


RDYINT: 
RDY Interrupt flag 


INTE: 
Interrupt Enable bit 


WE: 
Write Enable bit 


CRBE: 


Code Read Buffer 
Enable bit 


DRBE: 


Data Read Buffer 
Enable bit 


RD19V: 1.9V opera- 
tion mode select bit 


Reserved 


This bit shows the status of the (sampled) Flash RDY output. 
Writing to this bit has no effect. 


A read value of ’0’ indicates that a program/erase command is currently executed. Only the reset and 
suspend commands are accepted in this state. 


Aread value of ’1’ indicates that no program/erase command is currently executed or that the Flash is in 
the erase-suspend state. Write/erase commands can be written to the Flash. 

This bit is the interrupt flag of the Flash ready interrupt function. 

This bit is initialized to ’0’ by reset. 

It is set to 1’ by a rising edge of the RDY signal. 

The RDYINT bit can be cleared by writing to 0’. Writing to ’1’ has no effect. 

The read cycle of a read-modify-write access always returns ’1’. 


This bit enables the interrupt function of the RDYINT flag (write/erase command termination interrupt). 


An interrupt is generated when this bit is set to ‘1’ and the RDYINT flag is ’1’ or gets set by a rising edge 
of the RDY signal. 


When this bit is set to 0’, no RDYINT interrupt can be generated. 
The initial value of the INTE bit is ’0’. 
This bit is read- and writable. 


This bit enables/disables writing to the Flash. 

WEX is forced to ’1’ when this bit is ‘0’. Hence no write/erase commands can be sent to the Flash. 
Setting this bit to ’1’ enables WEX and command writing. 

The initial value of this bit is ’0’. 


This bit enables/disables the code read buffer. 


Setting this bit to ’1’ enables the code read buffer. A code read access from any address reads two 16-bit 
words, the one that is addressed and the neighboring one, such that the resulting two 16-bit words are 
aligned to an even address. Both words are stored into a read buffer. A later CPU read access to the 
address of the buffered data will be executed without wait cycles. 


Setting this bit to ’0’ disables the code read buffer. Code is always read directly from the Flash. 
The initial value of this bit is ’1’ (buffer enabled). 


This bit enables/disables the data read buffer. 


Setting this bit to ’1’ enables the data read buffer. A data read access from any address reads two 16-bit 
words, the one that is addressed and the neighboring one, such that the resulting two 16-bit words are 
aligned to an even address. Both words are stored into a read buffer. A later CPU read access to the 
address of the buffered data will be executed without wait cycles. 


Setting this bit to ’0’ disables the data read buffer. Data is always read directly from the Flash. 
The initial value of this bit is ’1’ (buffer enabled). 


This bit must be set according to the configuration of the voltage regulator (1.8V or 1.9V core voltage, 
please refer to Standby Mode and Voltage Regulator Control Circuit on page 187). 


For a core voltage of 1.8V, this bit must be set to ’0’. 
For a core voltage of 1.9V, this bit must be set to ’1’. 


The maximum allowed frequencies for the internal clocks and Flash timing settings depend on this bit 
and the selected core voltage. Always set the voltage regulator and this bit to 1.9V mode before chang- 
ing to a clock frequency which is permitted only in 1.9V mode. 


The initial value of this bit is ’0’. 

Always write "0" to this bit. 

The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 
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33.4.2 | Memory Timing Configuration Register (MTCRA, MTCRB) 


The Memory Timing Configuration register (MTCRA, MTCRB) is used to configure the access mode and the number of wait 
states of the flash memory. Table 33-4 shows recommended settings. 


Memory Timing Configuration Register Low byte (MTCRAL, MTCRBL) 
Figure 33-5. Configuration of the Memory Timing Configuration Register (MTCRAL, MTCRBL) 


Address: 


0003F2,, (Flash A) 
0003F6, (Flash B) 
6 


7 4 3 


5 2 1 0 
a WEXL ua a0 | SYNC |FAWC2/FAWC1IFAWCO 


- R/W RW RW R/W RIW RW R/W 


bit2 


bit1 


Initial value 
X01110018, 


bit 
Flash Access Wait Cycles 
0 wait cyc' 


1 wait cyc! 


2 wait cyc' 


3 wait cyc' 


4 wait cyc' 


5 wait cyc' 


x : undefined value 
R/W : Readable and writable 


| : Initial value 
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bit3 


bit4 
ADS Address sample enable bit 


bit5 
CLKBW CLKB wait enable bit 


bit6 
WEXL WEX Length control bit 


bit7 


SYNC Synchronous mode enable bit 
0 Flash is operated in asynchronous mode 


0 The AHB address is directly connected to the Flash 
The AHB address is sampled with CLKB 

0 An access is started at the next rising edge of CLKS1 
An access is delayed until the next rising edge of CLKB 
Rising edge of WEX one CLKB cycle before access end 

1 Rising edge of WEX delayed by half CLKB clock cycle 


6 wait cyc' 


7 wait cyc' 


Flash is operated in synchronous mode 


0 Always write "0" to this bit. 
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ae 33-2. Function of each bit of the Memory Timing Configuration Register (MTCRAL/MTCRBL) 


| s«@Bitname name 


bit 0 - bit 2 


668 


FAWCO to FAWC2: 


Flash Access Wait 
cycles 


SYNC: 


Synchronous mode 
enable bit 


ADS: 


Address Sample 
enable bit 


CLKBW: 


CLKB Wait enable 
bit 


WEXL: 


WEX Length control 
bit 


Reserved 


These bits define how many CPU wait cycles (CLKB cycles) are added at any read and write access to 
the Flash. 


These bits must be set depending on the machine clock frequency and the other configuration bits. 
The initial value of these bits is "001" (1 wait cycle) 


This bit selects between synchronous or asynchronous operation of the Flash in CPU mode. 


Setting this bit to ’1’ selects the synchronous mode. The SYNC input of the Flash is set to ’1’ and the 
ATDIN and EQIN input signals are used. 


Setting this bit to 0’ selects the asynchronous mode. ATDIN and EQIN are not used. 
The setting of this bit affects read and write operations. 

This bit is initialized to ’1’ by any reset. 

This bit selects if the direct or sampled address signals are connected to the Flash. 
When this bit is set to ’0’", the AHB address signals are connected directly to the Flash. 


Setting this bit to '1’ activates the address sample stage. The address is sampled with CLKB at the 
beginning of the access and memorized until the end of the access. 


Setting this bit to ’1’ is only allowed for timings with odd value of MTCRxH:ATDL (MTCRxH:ATDLO=1). 
The recommended settings in Table 33-4 are not affected. 


In asynchronous mode and for writing to the Flash, this bit must be set to ‘1’. 
The initial value of this bit is ‘1’. 


This bit defines the start time of a Flash access. 

When this bit is set to ’0’, then the Flash access starts with the next rising edge of CLKS1. 
Setting this bit to ’1’ postpones the Flash access start to the next rising edge of CLKB. 
Before writing to the Flash, this bit must be set to ’1’. 

This bit has no effect when CLKB is set to CLKS1 (divided by ’1’). 

The initial value of this bit is ‘1’. 


This bit controls the timing of the WEX rising edge. 


When setting this bit to ’0’", then WEX goes to ’1’ at the last rising edge of CLKB before the write access 
end (one CLKB cycle before the end of the access). 


Setting this bit to ’1’ extends the WEX assertion by a half CLKB clock cycle. 


The number of wait cycles defined by the FAWC bits must be sufficiently high to generate a valid WEX 
pulse. 


The initial value of this bit is ’0’. 

Always write "0" to these bits. 

The read value of these bits is undefined. 

Read modify write operations to this register are not affected. 
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Memory Timing Configuration Register high byte (MTCRAH, MTCRBH) 
Figure 33-6. Configuration of the Memory Timing Configuration Register (MTCRAH, MTCRBH) 


Address: 


0003F3,, (Flash A) 
0003F7,, (Flash B) 


15 14 13 12 11 #10 9 8 


RW R/W R/W RW RW RWW RW RW 


bit8 


1 


bit10 
ATDL1 


Initial value 
00000010, 


ATDINIT] ATDIN Initial value 


ATDIN parked in ’0’ position 


bit9 
ATDLO 


ATDIN parked in ’1’ position 


ATDIN length 


0 0 ATDIN falling edge at access start 


ATDIN falling edge delayed by 0.5 CLKS1 cycles 
ATDIN falling edge delayed by 1.0 CLKS1 cycles 


ATDIN falling edge delayed by 1.5 CLKS1 cycles 


ATDEQDQ ATDIN to EQIN delay 


rising EQIN 0.5 CLKS1 cycles after falling ATDIN 
rising EQIN 1.0 CLKS1 cycles after falling ATDIN 


1 
1 


bit1S —bit14 


0 
1 


bit13 


rising EQIN 1.5 CLKS1 cycles after falling ATDIN 
rising EQIN 2.0 CLKS1 cycles after falling ATDIN 


EQL2 | EQL1 | EQLO EQIN length 


EQIN length is 0.5 CLKS1 cycles 


EQIN length is 1.0 CLKS1 cycles 


EQIN length is 1.5 CLKS1 cycles 


EQIN length is 2.0 CLKS1 cycles 


R/W : Readable and writable 


EQIN length is 2.5 CLKS1 cycles 
EQIN length is 3.0 CLKS1 cycles 


EQIN length is 3.5 CLKS1 cycles 


Ll : Initial value 


EQIN length is 4.0 CLKS1 cycles 
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Table 33-3. Function of each bit of the Memory Timing Configuration Register (MTCRAH/MTCRBH) 


Bitmame Pmetion 


This bit defines the initial value of the ATDIN signal. 
When setting this signal to "0", then ATDIN is parked in the "0" position. It is asserted to "1" at the begin- 
bit 8 ATDINIT: ning of a Flash access (read or write). ATDL must be set to "01" or higher in this case. 
I} 
ATDIN Initial value Setting this bit to "1" parks ATDIN in the "1" position. ATDIN becomes "1" already at the end of the pervi- 
ous Flash access. 
This bit is initialized to "0" by any reset. 


These bits define the length of the ATDIN pulse according to the table in Figure 33-6. 
ATDLO to ATDL1: The setting must be done depending on the CLKS1 frequency and the level of ATDINIT. 
bit 9 - bit 10 These bits also affect the assertion time of WEX in case of a write access (in synchronous and asynchro- 
ATDIN length 
nous mode). 
These bits are initialized to "01" by any reset. 


These bits define the length of the pause between the ATDIN falling edge and the EQIN rising edge 
ATDEQD0 to ATDE- according to the table in Figure 33-6. 


QD1: The setting must be done depending on the CLKS1 frequency. 


ATDIN to EQIN These bits also affect the assertion time of WEX in case of a write access (in synchronous and asynchro- 
delay nous mode). 


These bits are initialized to "00" by any reset. 


bit 11 - bit 12 


EQLO to EQL?2: These bits define the length of the EQIN pulse according to the table in Figure 33-6. 
bit 13 - bit 15 EQIN lenath : The setting must be done depending on the CLKS1 frequency. 
9 These bits are initialized to "000" by any reset. 


Recommended Flash Timing Settings 


Table 33-4 shows recommended Flash Memory Timing configurations. The maximum operating frequency of different timing 
configurations depends on the core supply voltage. Please refer to Standby Mode and Voltage Regulator Control Circuit on 
page 187 for a description how to program the core supply voltage. 


Table 33-4. Recommended settings of MTCRA and MTCRB 


Permitted frequency range for Permitted : *] 
MTCRA, CLKs1 “™) CLKB Resulting CLKB frequency range 
Pan Purpose 


MTCRB divider 
1.8V operation 1.9V operation setting 1.8V operation 1.9V operation 


oe nchronous read with 5 
]ec30n foiks1 < 100 MHz foike < 100 MHz oe states 


(can be used at any setting, especially for mode mae (can be used at any setting, especially for 
6E3Fh transitions) mode transitions) 


0239h (init 
val) fotks1 $ 25 MHz foike S$ 25 MHz wait state 


2129h foiKs1 < 30 MHz | forks; < 32 MHz a foke < 30 MHz | forke < 32 MHz laa read with 1 


| read/write 
< < 
feast S202 s feast S202 MHz faux 20M faux 20M we | 2 wait states 


488h alla read with 3 
foLks1 < 60 MHz foL-kst < 64 MHz - foLKB < 60 MHz foLKB < 64 MHz 
Ee ieee read/write 
4B3Dh 
Ee ieee 5 wait states 


2128h | forks1 <30 MHz | forks; < 32 MHz forke <15 MHz | forkp < 16 MHz a read with 0 


Synchronous read with 2 
< < < < 
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Table 33-4. Recommended settings of MTCRA and MTCRB 


Permitted frequency range for Permitted 
MTCRA, a ee *1) CLKB a CLKB —— range~ 
Purpose 


MTCRB divider 
1.8V / 1.8V operation | 1.9V | 1.9V operation | setting 1.8V | 1.8V operation | 1.9V | 1.9V operation | 


2208h 20 MHz < foLks1 20 MHz < foLks1 10 MHz < foLKB 10 MHz < foLKB Synchronous read with 0 
< 50 MHz < 56 MHz < 25 MHz <28MHz __ | wait states 
4cogh | foixs1 < 76 MHz | fo.ks; < 84 MHz foLkp < 38 MHz | fo.ka < 42 MHz ae read with 


6BO9h 20 MHz < foL-ks1 20 MHz < folks 10 MHz <fctxgp | 10 MHz < fcLKB Synchronous read with 1 
< 92 MHz < 100 MHz < 46 MHz < 50 MHz wait state 
2279h foks1 < 40 MHz foLkp < 20 MHz aa ll 
f <7MH f <7MH Asynchronous read/write 
pene ue . aaa with 1 wait state 


*) Maximum values for fo_xs; and fe_Kg must not exceed the limits defined in the Datasheet. 


Note: 


When changing any clock settings (change of CLKS1 clock source or CLKB divider setting), use a Flash timing which is valid 
for both, the old and the new clock setting. The settings 6E3Dh/6E3Fh can be used for any clock transition. 


When using the modulated clock CLKMOD as clock source for CLKS1, make sure that the maximum and minimum values of 
the CLKMOD frequency are within the permitted range for the CLKS1 frequency. 


This table is not valid for MB96F348T/HxA 
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33.4.3 Flash Memory Write Control registers 0-5 (FMWCO0O-FMWC5) 


Flash Memory Write Control registers (FMWCO0-FMWC5) control the erase/write permission of each sector of the flash mem- 
ory. 


Flash Memory Write Control registers (FMWC0-FMWC5) 
Figure 33-7. Configuration of the Flash Memory Write Control registers (FMWC0O-FMWC5) 


Address: 

0003F8,, : FMWCO (small sectors of Flash B) 

0003F9,, : FMWC1 (small sectors of Flash A) 

O0003FA,, : FMWC2 (large sectors, Flash A or Flash B depending on device) 
0003FB,, : FMWC3 (large sectors, Flash A or Flash B depending on device) 
0003FC,, : FMWC4 (large sectors, Flash A or Flash B depending on device) 
0003FDy : FMWCS5 (large sectors, Flash A or Flash B depending on device) 


7 #6 5 4 3 2 1 0 


Initial value 
FMWCO _ | weaz|weee | wees | woa4] woes} wee2| west | WCBO 00000000, 
R/W R/W R/W RW R/W R/W RW R/W 
15 14 13 12 #11 #10 9 8 Initial value 
FMWC1 | weaz |weae | weas | wos} woas} wea2| wat | WCAO 00000000, 
R/W R/W R/W RW R/W RW RWW R/W 
76 5 4 8 Pt Initial value 
FMWC2 | wets | wera | weis | were) wort} weio| wes | wee 00000000, 
R/W R/W R/W RW R/W RW RWW R/W 
15 14 13 12 11 #10 9 #8 Initial value 
FMWC3 _ | wees | woze | weat | woz0) wots} weis| we17} wots 00000000, 
R/W R/W R/W RW RW RIW R/IW R/W 
76 5 4 38 2? ht Initial value 
FMWC4 | west | weao | wees | we28) we27) woes] woes | wo24 00000000, 
R/W R/W R/W RW R/W RW RW R/W 
15 14 13 12 #11 #10 9 8 Initial value 
FMWC5 | weso | wese | wea7 | we36) we3s) wosa) woss | wo32 00000000, 
R/W R/W R/W RW R/W RIW R/W R/W 
bit 0-15 


Write Control for Sector Sx 


R/W : Readable and writable Writing to or erasing the sector Sx is prohibited 
: Initial value Writing to or erasing the sector Sx is allowed 


Table 33-5. Function of each Bit of the Flash Memory Write Control registers (FMWCO-7) 


Bit name ee ee un oy en) 


WCBO to WCB7, These bits control if the corresponding sector can be written and erased or not. 
WCA0 to WCA7 and After reset, these bits are reset to ’0’ (no programming/erasing possible). 


WC8 to WC39: = es : ‘ , ; F dae , 
Writing a bit to ’1’ enables programming/erasing of the corresponding sector. Setting bits to ‘1’ however is 
possible only with the first write access to the register after any reset. 


bit 0 - bit 15 Write Control bits of 


sector SBO-SB7, - ; Aes . . j : . oon ‘ 
SA0-SA7 and S8- Writing a bit back to ’0’ disables programming/erasing again. A bit can be written to ’0’ at any time. 


$39 All bits of not available sectors must be written to 1’. The read value of these bits is undefined. 
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33.5 Data Flash Memory Control Registers 


This chapter describes the control/status registers of the Data Flash which are needed to control the flash memory erase/ 
write process and to configure the read access timing. 


Memory Control Registers 

The Data Flash A memory is controlled by the following registers: 

m Data Flash Control Status register A (DFCSA) 

m Data Flash Write command sequencer Control register A (DFWCA) 
m Data Flash Write command sequencer Status register A (DFWSA) 
The Data Flash B memory is controlled by the following registers: 

m Data Flash Control Status register B (DFCSB) 

m Data Flash Write command sequencer Control register B (DFWCB) 
m Data Flash Write command sequencer Status register B (DFWSB) 


33.5.1 Data Flash Control Status register (DFCSA, DFCSB) 


The Data Flash Control Status register (DFCSA for Data Flash Amemory, DFCSB for Data Flash B memory) controls all func- 
tions of the Data Flash memory interface circuit for reading and for program/erase (except the write command sequencer). 


Data Flash Control Status register (DFCSA, DFCSB) 
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Figure 33-8. Configuration of the Data Flash Control Status register (DFCSA, DFCSB) 


Address: 
0003E0y (DFCSA for Data Flash A memory) 
0003E4,, (DFCSB for Data Flash B memory) 


7 6 5 4 8 2 1 0 Initial value 
Paleo] Telenor] xirx00x, 


- R/W RWW R/W - RW RW SR 


bito 


RDY Flash RDY status 
0 


Write/erase ongoing 
1 Flash is ready (no write/erase ongoing) 


bit1 


RDYINT RDY Interrupt flag 


No write/erase command termination detected 
Write/erase command has terminated 


1 
bit2 

Ready Interrupt function disabled 

1 Ready Interrupt function active 


bit3 


0 Always write "0" to this bit 


bit6 bit5 bit4 


Maximum CLKB wait | CLKB wait 
CLKB frequency |cycles (Read) |cycles (Write) 


7.5 MHz 
16 MHz 
33 MHz 
50 MHz 
66 MHz 
83 MHz 
100 MHz 
100 MHz 


O};cCO;}N}o} RI] Oo] Pp 


oy oa} R}oO!}rMm!] rm] pm] Pp 


= 
fo} 


bit7 


a 
1 oo | Always write "0" to this bit 


x : undefined value 


R/W : Readable and writable 
R : Read only 


| : Initial value 
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Flash Memory 


—————ore 33-6. Function of each bit of the Data Flash Control Status register (DFCSA, DFCSB) 


| s«Bitnames names 


RDY: 
Flash RDY status 
RDYINT: 
bit 1 
RDY Interrupt flag 


INTE: 
bit 2 
Interrupt Enable bit 


TMGO - TMG2: Tim- 


BES RIES ing configuration bits 


This bit shows the status of the (sampled) Flash RDY output. 
Writing to this bit has no effect. 


A read value of ’0’ indicates that a program/erase command is currently executed. Only the reset and 
suspend commands are accepted in this state. 


A read value of ’1’ indicates that no program/erase command is currently executed or that the Flash is in 
the erase-suspend state. Write/erase commands can be written to the Flash. 


This bit is the interrupt flag of the Flash ready interrupt function. 

This bit is initialized to ’0’ by reset. 

It is set to 1’ by a rising edge of the RDY signal. 

The RDYINT bit can be cleared by writing to ’0’. Writing to ’1’ has no effect. 

The read cycle of a read-modify-write access always returns ’1’. 

This bit enables the interrupt function of the RDYINT flag (write/erase command termination interrupt). 


An interrupt is generated when this bit is set to 1’ and the RDYINT flag is ’1’ or gets set by a rising edge 
of the RDY signal. 


When this bit is set to '0’", no RDYINT interrupt can be generated. 

The initial value of the INTE bit is ’0’. 

This bit is read- and writable. 

Always write "0" to this bit. 

The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 

These bits control the read and write timing for the Data Flash (wait cycles). 
The initial value of these bit is 111’ (maximum number of wait cycles). 


The required setting depends on the used CLKB frequency. Select a setting according to the following 
table: 
bit6 bit5 bit4 


Maximum CLKB wait | CLKB wait 
CLKB frequency |cycles (Read) |cycles (Write) 
7.5 MHz 

16 MHz 

33 MHz 

50 MHz 

66 MHz 

83 MHz 
100 MHz 
100 MHz 


O}]CO;N}o}R][o]p 


ory} or] BR}! PM] PM] MPM] PP 


= 
fo} 


These bits are read- and writable 

Always write "0" to this bit. 

The read value of this bit is undefined. 

Read modify write operations to this register are not affected. 
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Data Flash Write command sequencer Control register (DFWCA, DFWCB) 


These registers (DFWCA for Data Flash A memory, DFWCB for Data Flash B memory) control all functions of the write com- 
mand sequencer. 


Data Flash Write command sequencer Control register (DFWCA, DFWCB) 
Figure 33-9. Configuration of the DFWCA and DFWCB registers) 


676 


Address: 


0003E1, (DFWCA for Data Flash A memory) 
0003E5y (DFWCB for Data Flash B memory) 


15 14 13 12 #11 #10 9 8 


x : undefined value 
R/W : Readable and writable 


[|| : Initial value 


bit13 - bit 15 


Se 


Initial value 
XXX000X0, 


bit8 
WE Write Enable 
Command sequencer write mode is disabled 
1 Command sequencer is used for writing to the Flash 
bit9 
0 Always write "0" to this bit 
bit10 


IDLINTE Command sequencer Idle Interrupt Enable bit 


Disable the interrupt of the idle flag IDLINT 


1 Enable the interrupt of the idle flag IDLINT 


bit11 


FININTE Command sequencer Finish Interrupt Enable bit 


Disable the interrupt of the finish flag FININT 
1 Enable the interrupt of the finish flag FININT 


bit12 


ERINTE Command sequencer Error Interrupt Enable bit 


Disable the interrupt of the error flag ERINT 
1 Enable the interrupt of the error flag ERINT 


0 Always write "0" to this bit 
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Flash Memory 


———Tr 33-7. Function of each bit of the Data Flash Write command sequencer Control register (DFWCA, DFWCB) 


| s«Bitnames names 


bit 13 - bit 15 


WE: 
Write Enable bit 


Reserved 


IDLINTE: 


Idle Interrupt Enable 
bit 


FININTE: 


Finish Interrupt 
Enable bit 


ERINTE: 


Error Interrupt 
Enable bit 


Reserved 


This bit controls the write access mode. 


Setting this bit to ’1’ activates the Write command sequencer. Each CPU write access to the Data Flash 
memory area is considered as a write access to the target address. The "Write program" command (see 
Table 33-9) is automatically generated by the Flash interface. 


Setting this bit to ‘0’ disables the Write command sequencer. The program sequence must be written to 
the Flash manually. This mode must also be used for sending any other command to the Flash (like chip/ 
sector erase, sector erase suspend/resume). Disabling the command sequencer is only permitted in 
"Idle" state (DFWSA/DFWSB:ST[1:0]="00"). 


Flash read operations are not affected by the setting of this bit. 
The initial value of this bit is ’0’ (direct write mode). 


Always write "0" to this bit. 
The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 


This bit enables the idle interrupt (IDLINT) of the Data Flash write command sequencer. 


An interrupt is generated when this bit is set to ‘1’ and the IDLINT flag gets set (transition of the write 
command sequencer to idle state). 


When this bit is set to '0’, no idle interrupt can be generated. 
The idle minteriupt can aly be genetated when the write command sequencer is enabled (WE='1’). 


This bit enables the finish interrupt (FININT) of the Data Flash write command sequencer. 


An interrupt is generated when this bit is set to 1’ and the FININT flag gets set (successful completion of 
a write operation). 


When this bit is set to ’0’, no finish interrupt can be generated. 

The finish interrupt can only be generated when the write command sequencer is enabled (WE='1’). 
The initial value of this bit is ’0’ (finish interrupt disabled). 

This bit enables the error interrupts (TOERINT, WERINT and WIERINT) of the Data Flash write com- 
mand sequencer. 


An interrupt is generated when this bit is set to 1’ and one of the TOERINT, WERINT and WIERINT error 
flag gets set. 


When this bit is set to 0’, no error interrupt can be generated. 

The error interrupt can only be generated when the write command sequencer is enabled (WE='1’). 
The initial value of this bit is ’0’ (error interrupt disabled). 

Always write "0" to these bits. 

The read value of these bits is undefined. 

Read modify write operations to this register are not affected. 
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33.5.3 Data Flash Write command sequencer Status register (DFWSA, DFWSB) 


These registers (DFWSA for Data Flash A memory, DFWSB for Data Flash B memory) contain all status bits of the write com- 


mand sequencer. 


Data Flash Write command sequencer Status register (DFWSA, DFWSB) 
Figure 33-10. Configuration of the DFWSA and DFWSB registers 


Address: 


0003E2,, (DFWSA for Data Flash A memory) 
0003E6, (DFWSB for Data Flash B memory) 


7 6 5 4 3 2 1 0 
WIER | WER | TOER} FIN IDL 
peo ae TL | [|| 
R 


R/W R/W R/W R/W R/W RW OR 


bit1 


Initial value 
00000000, 


bitO 


ST1 STO Write command sequencer status 


Idle (sequencer accepts new write command) 


Sequencer is submitting a write command 


Sequencer is waiting for Flash program finish 


R/W : Readable and writable 
R : Read only 


[| : Initial value 


IDLINT Command sequencer Idle Interrupt flag 


1 


bit3 
FININT 


1 Write command was finished successfully 


bit4 


bits 


1 
bité 


WIERINT|Command sequencer Write Incomplete Error Interrupt flag 


1 


Illegal state 


Command sequencer is disabled or not in Idle state 


Command sequencer entered the Idle state 


Command sequencer Finish Interrupt flag 
Write command was not (yet) finished successfully 


TOE Command sequencer Timeout Error Interrupt flag 


RINT i 


No timeout error detected 
1 A write operation ended with timeout error 


WERINT Command sequencer Write Error Interrupt flag 


No write error detected 


A write operation ended with incorrect data 


Command sequencer was not disabled during writing 


Command sequencer was disabled during writing 


Prohibited Access Error flag 
No prohibited access detected 


CPU tried to access Flash during command sequencer 
programming (prohibited access) 
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—vore 33-8. Function of each bit of the Data Flash Write command sequencer Status register (DFWSA, DFWSB) 


| s«Bitnames names 


+ These bits show the status of the Write command sequencer: 
bit1 bitO 
ST1 STO Write command sequencer status 
Idle (Sequencer accepts new write command) 
Sequencer is submitting a write command 
1 Sequencer is waiting for Flash program finish 
Illegal state 
STO to ST1: 
pron Status bits ST[1:0] = "00" indicates that the sequencer is either disabled (WE='0’) or idle (DFWCx.WE='1’). In the 
Idle state, the sequencer is ready to receive a new write command. 
ST[1:0] = "01" indicates that the sequencer is submitting the write command to the Flash module. 
ST[1:0] = "10" indicates that the Write command sequencer is checking the progress of the write com- 
mand by checking the Flash RDY status and the Flash hardware sequence flags. 
ST[1:0] = "11" indicates an Illegal state: The Write command sequencer was disabled (DFWCx.WE='0’) 
during Flash writing (in state "01" or "10"). 
A reset must be asserted in this case (for example a Software reset). 


These bits are only readable. 
The initial value of these bit is "00" (Write command sequencer disabled). 


This bit is the idle interrupt flag of the Write command sequencer and can be used to initiate a data trans- 
fer to the Data Flash by DMA. 
This bit is initialized to ’0’ by a reset. 
It is set to 1’ when the command sequencer is enabled or going to the idle state (after a write operation 
IDLINT: was finished). 
bike Idle Interrupt flag The IDLINT bit can be cleared by writing to ’0’. Writing to ’1’ has no effect. 
This bit can also be cleared by DMA. 
The read cycle of a read-modify-write access always returns ‘1’. 
An interrupt is generated when this bit is set to ‘1’ and the corresponding interrupt enable bit 
DFWCx.IDLINTE is 1’. 


This bit is the finish interrupt flag of the Write command sequencer and can be used for flash writing by 
CPU. 
This bit is initialized to ’0’ by a reset. 
FININT: It is set to 1’ when the command sequencer successfully finishes a write command. 
bit 3 The FININT bit can be cleared by writing to ’0’. Writing to ‘1’ has no effect. 
Finish Interrupt flag a 
This bit can also be cleared by DMA. 
The read cycle of a read-modify-write access always returns ‘1’. 
An interrupt is generated when this bit is set to ‘1’ and the corresponding interrupt enable bit 
DFWCx.FININTE is ‘1’. 
This bit is the timeout error interrupt flag of the Write command sequencer. 
This bit is initialized to ’0’ by a reset. 
TOERINT: It is set to ’1’ when the command sequencer ends in the timeout state (DQ5 flag=’1’). 
bit 4 Timeout Interrupt The TOERINT bit can be cleared by writing to ’0’. Writing to ’1’ has no effect. 
flag The read cycle of a read-modify-write access always returns ‘1’. 
An interrupt is generated when this bit is set to ’1’ and the error interrupt enable bit DFWCx.ERINTE is 
1’. ADMA Stop request is also submitted in this case. 
This bit is the write error interrupt flag of the Write command sequencer. 
This bit is initialized to ’0’ by a reset. 
WERINT: It is set to 1’ when the write command terminates without having the correct data written (for example 
bit 5 after trying to write to an erase suspended sector). 
I 
Hd Shor eee The WERINT bit can be cleared by writing to '0’. Writing to '1’ has no effect. 
The read cycle of a read-modify-write access always returns ‘1’. 
An interrupt is generated when this bit is set to ’1’ and the error interrupt enable bit DFWCx.ERINTE is 
1’. ADMA Stop request is also submitted in this case. 
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Table 33-8. Function of each bit of the Data Flash Write command sequencer Status register (DFWSA, DFWSB) 


Bit names ee eee 


This bit is the write incomplete error interrupt flag of the Write command sequencer. 
This bit is initialized to ’0’ by a reset. 


It is set to 1’ when the command sequencer is disabled (by writing WE=’0’) while the command 
WIERINT: sequencer was not in the Idle state. The status of the interrupted write sequence must be checked man- 
Write Incomplete ually in this case. If the command sequencer stays in the "Illegal state", then a reset must be asserted. 


Interrupt flag The WIERINT bit can be cleared by writing to ‘0’. Writing to 1’ has no effect. 
The read cycle of a read-modify-write access always returns ’1’. 


An interrupt is generated when this bit is set to ’1’ and the error interrupt enable bit DFWCx.ERINTE is 
‘1’. A DMA Stop request is also submitted in this case. 

This bit is an error flag showing a prohibited access. 

This bit is initialized to ’0’ by a reset. 


PAERF: It is set to 1’ when the CPU tries to read or write the Flash memory while the Write command sequencer 
Prohibited Access is not in the idle state. Such a prohibited write access is ignored while a read access returns 00h. 


flag The PAERF bit can be cleared by writing to ’0’. Writing to ’1’ has no effect. 
The read cycle of a read-modify-write access always returns ’1’. 
This bit cannot generate an interrupt. 


33.6 Starting the Flash Memory Automatic Algorithm 


Write and erase to flash memory is performed by launching the flash memory’s own Automatic Algorithms. The following 
commands are available: Read/Reset, Write, Chip Erase and Sector Erase. The erase suspend and restart function is avail- 
able during Sector erase. 


Command sequence table 


Automatic Algorithms for flash memory write/erase are launched by writing one to six bytes or words to the Flash memory in 
succession according to Table 33-9. This table is valid for the Program/Data Flash (Main Flash) and for the Data Flash. 


The data of the commands must be written to the low-order byte (except the program data of the write command). Hence the 
commands must be written to an even address. 


For the Program/Data Flash (Main Flash), this is possible in byte or word mode. The data written to the high-order byte (in 
case of a word access) is ignored. The data width used for the 4th bus write cycle of the write command (program address 
and program data) determines the write mode of the Flash (byte or word). 


For the Data Flash, the commands must be written in byte mode. Only programming of bytes is possible when using the write 
command. 


The Data Flash interface includes a Write command sequencer which can automatically send the write sequence to the 
Flash. This Write command sequencer also supports word programming. 


Disable the Write command sequencer (DFWCx:WE=’0’) for submitting any of the commands below. 


Table 33-9. Command sequence table 


Gommand Bus 1st bus write cycle | 2nd bus write cycle | 3rd bus write cycle | 4th bus write cycle | 5th bus write cycle | 6th bus write cycle 
write 


dae ina mmmXXX 
(even) 


a 


| Chip Erase | Erase | mmmAAA | | mmmss4 | | 55 |mmmAAA| 80 | |mmmAAA| AA | | mmmS54 | |mmmAAA| 10 | 


peat SSSXXX 
bias care eed nel eee ee 
(even) 
Sector Erase 1 SsSXXX 
Suspend (even) 
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Table 33-9. Command sequence table<ltalic> (continued) 


Gonmniand Bus 1st bus write cycle | 2nd bus write cycle | 3rd bus write cycle | 4th bus write cycle | 5th bus write cycle | 6th bus write cycle 
write 


Sector Erase SSSXXX 
Restart rat 


Set to fast 


amma mss | 55 | mmmana) 20h | 
mode 


mmmXXX 
Fast write (* 
(even) 
mmmXXX mmmXXX 
Reset from 2 F0/00 
fast mode (even) (even) 


Note: 
m The addresses in the table are the values in the CPU memory map. All addresses and data are represented using hexa- 
decimal notation. The letter X indicates an arbitrary value. 


m CPU/Flash address bit 1 is ignored for command writing (except for the program address PA). Hence a command can be 
written for example to address AAA or AA8. 


m The addresses mmm in the table must point to the flash memory module (Flash A/B or Data Flash A/B) on which the 
command is meant to operate. 


m The addresses sss in the table must point to the flash memory sector on which the sector command is meant to operate. 
See section 33.2 Block Diagram of the Flash Memory and Sector Configuration of the Flash Memory. Care must be taken 
when sending the sector erase command to the sector 0 of the Data Flash (SDAO or SDBO). The first 5 commands must 
be written to another sector of the same flash module to make sure "mMmmAAA" and "mmm554" points to the correct flash 
module. 


m PA: Write address. Only even addresses can be specified when writing in word mode. For byte mode, also odd addresses 
are permitted. 


PD: Write data. Only byte data can be specified for the Data Flash. 
m Writing an illegal address or data, or writing them in the incorrect order, will reset the Flash memory to the read mode. 


m tis possible to read data from the Flash between the write cycles of the commands. The command execution starts after 
the last write cycle. 

m Writing an improper sequence (incorrect address or incorrect data or writing in an improper sequence) will reset the com- 
mand detector in the Flash. 

a Writing a command to the Program/Data Flash (Main Flash) is possible only when the corresponding write enable signal 
(MCSRA:WE, MCSRB:WE) is set to 1. 


= Commands must not be written to sectors which are write protected. Any write access to a write protected sector activates 
the hardware reset of the corresponding flash module and forces the corresponding RDY flag to 0 for 64 CLKB clock 
cycles. Such a hardware reset initializes the Flash to the Read/Reset state, independent of the previous state (program, 
erase, suspend). 


*1: Both of the two types of Read/Reset commands can reset the flash memory to read mode from the timeout state. The two 
commands are offered only for software compatibility. This is independent of the fast mode activation. 


*2: This command is only valid in Fast Mode. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 681 


Sa CYPRESS 


Flash Memory “ae” «= EMBEDDED IN TOMORROW 


33.7 Confirming the Automatic Algorithm Execution State 


The Flash memory performs the write/erase sequence via automatic algorithms. It thus has hardware for informing the out- 
side world when it has finished internal operations. 


Hardware sequence flags 


A read access to the target flash sector returns the status of the hardware sequence flags instead of the flash memory data 
as long as the automatic algorithm is ongoing. They can be used to check the current status of the write/erase operation. 
The hardware sequence flags consist of the bits DQ7, DQ6, DQ5, (DQ4,) DQ3 and DQ2. The functions of these bits are: 
Data polling flag (DQ7) 

Toggle bit flag (DQ6) 

Timing limit exceeded flag (DQ5) 

Sector erase state flag (DQ4): Only available for Data Flash 

Sector erase timer flag (DQ3) 

Toggle bit-2 flag (DQ2) 


Table 33-10. Bit assignments of hardware sequence flags 


SO OO 


Hardware sequence flag DQ7 | pas | DQ5 (DQ4) DQ3 = |e 7] 


Note: 


m_ The values of the other bits (DQ[15:8], (DQ4), DQ[1:0]) are not defined. Software must be written in a way to tolerate any 
value of these bits. 


m Aread access at the beginning or the end of the automatic algorithm can return invalid data. Hence the hardware 
sequence flags must be read at least twice (or 3 times for checking the toggle bits) before making a branch decision. 


m Reading the hardware sequence flags of the Program/Data Flash can be done independently of the setting of the corre- 
sponding write enable signal (MCSRA:WE, MCSRB:WE). 


Note: 


For reading the hardware sequence flags of the Program/Data Flash (Main Flash), the following rules must be adhered: 


m The hardware sequence flags must be read by accessing the low-order byte (even address), even after starting a byte 
write access to an upper-order byte (odd address). 

m The Data read buffer must be disabled (set MCSRx:DRBE=0). 

m Make sure at least one other instruction is executed between two read accesses to the hardware sequence flags (at least 
one NOP). Otherwise the DQ6 and DQ2 toggle bits cannot be read correctly. 


m The MTCRA/MTCRB:ADS bit must be set to 1’ when reading the hardware sequence flags (ADS is set to ’1’ in all recom- 
mended Flash timing settings for writing). Otherwise the DQ2 toggle bit cannot be read correctly and reading flash data in 
Sector erase suspend state will not work correctly. 


m Donot access flash memory control registers (address 0003F0,, to OO3FF,,) between reading the hardware sequence 
flags. Otherwise the DQ2 toggle bit cannot be read correctly. 


These rules are not applicable for the Data Flash. 


For checking whether automatic writing or erasing is being executed, the hardware sequence flags or the RDY bit of the 
memory control status register (MCSRA/MCSRB or DFCSA/DFCSB) can be read. The hardware sequence flags however 
show more detailed information. 


After writing/erasing has terminated successfully, the Flash returns to the read/reset state. This must be confirmed by one of 
these flags (RDY or hardware sequence flags) before performing the next operation such as data read. 


In addition, the hardware sequence flags can be used to confirm whether the second or subsequent sector erase code write 
is valid. 
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The following table shows the function of all flags in each Flash status. 


Table 33-11. Hardware sequence flag functions 


Sa» ___|_Assensedatirens_{__poy_/_pa¢_1_pas__|_(pa)_{__pae_{__pae—_ 


Write (embedded 
program algorithm 
running) 


Address being pro- 
grammed 


Sector erase wait Sectors which are 
(Flash waits for input- already specified for 
ting further sector erase 


erase requests) Other sectors 


Sectors which are + Busy t 
Chip/sector erase specified for erase (all ine 7 
(embedded erase sectors in case of Chip eee 
isi, algorithm running) erase) 0: ready to 


operation suspend 
: Other sectors P 


Sectors which are 
Sector erase sus- | specified for erase Le bias 


ia 


Writing of another 

sector while Flash is | Address being pro- DATA:7 | Toaale 
in erase suspended | grammed . 99 
state 


Chip/sector erase fin- 
ished 
(Read/Reset state) 


Address being pro- 
om | ee : 


i i Sector which caused 
. the Timeout during Toggle 
exceeded | Chip/sector erase erase Toggle undefined 
Other sectors | 4 | 


The function of each hardware sequence flag is described in the following sections. 


Sector which was alt 6 pies 5 DATA:4 =4 DATA:3 | DATA:2 = 
erased =1 


The DQ4 flag is available only for the Data Flash. The usage of this bit is described in chapter 33.8.6 Suspending Sector 
Erase. 


33.7.1. Data Polling Flag (DQ7) 


The data polling flag (DQ7) indicates if the automatic algorithm (write or erase) is being executed or has terminated. 


33.7.1.1 | Data polling flag (DQ7) 
The function of the DQ7 flag in each Flash status is described in Table 33-11. 


Write 


A read access during execution of the automatic write algorithm causes the flash memory to output the inverted value of bit 7 
of the program data (DATA:7) regardless which Flash address is being read. 


A read access after termination of the automatic write algorithm is handled as a regular Flash read access and returns bit 7 
(DATA:7) of the currently addressed Flash cell. Hence for correctly identifying the termination of a write command, polling 
should always be performed from the memory location which is being programmed. 
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Word and Byte writing 


A word write command writes data to the high-order byte (DATA[15:8]) and low-order byte (DATA[7:0]). DQ7 shows the 
inverted value of DATA[7]. 


A byte write command to an even address writes data to the low-order byte at DATA[7:0] only. DQ7 shows the inverted value 
of DATA[7]. 


A byte write command to an odd address writes data to the high-order byte at DATA[15:8] only. In this case DQ7 shows the 
inverted value of DATA[15]. 


Chip/sector erase 


A read access during execution of the automatic erase algorithm causes the flash memory to output a 0 regardless which 
Flash address is being read. During the sector erase wait time however, 1 is output. 


A read access after termination of the automatic erase algorithm is handled as a regular Flash read access and returns the 
data of the currently addressed Flash cell. Accessing an erased cell returns 1. 


Sector erase suspend 


A read access in sector erase suspend state causes the flash memory to output DQ7 = 1 if the address belongs to the sector 
being erased. 


The flash memory outputs bit 7 (DATA: 7) of the addressed memory cell if the address does not belong to the sector being 
erased. 


Referencing this flag together with the toggle bit flag (DQ6) enables a decision to be made on whether the flash memory is in 
the erase suspended state and which sector is being erased. 


Note: 


When the automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm execution 
and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid data. 
Hence the status of the DQ7 bit can only be identified safely if the corresponding data has been read at least twice. 


Note: 


For the Program/Data Flash (Main Flash), the hardware sequence flags must always be read from an even address, even 
when writing a byte to an odd address. This means the hardware sequence flags cannot be read from the same address 
which was written. During programming, DQ7 shows DATA:15. But after termination of the automatic algorithm, the currently 
addressed Flash cell is read. Depending on the content of this Flash cell, there may be no transition visible on bit 7. Hence 
the DQ7 bit cannot be used to identify the termination of a byte write to an odd address. 


33.7.2 Toggle Bit Flag (DQ6) 


The toggle bit flag (DQ6) together with the data polling flag (DQ7) indicates if the automatic algorithm (write or erase) is being 
executed or has terminated. 


33.7.2.1 Toggle bit flag (DQ6) 
The function of the DQ6 flag in each Flash status is described in Table 33-11. 


Write and chip/sector erase 


Successive read accesses during execution of the automatic write or erase algorithm causes the flash memory to toggle the 
DQ6 flag for every read cycle, regardless which Flash address is being read. 


A read access after termination of the automatic algorithm is handled as a regular Flash read access and returns bit 6 
(DATA:6) of the currently addressed Flash cell. Accessing an erased cell returns 1. 
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Sector erase suspend 


A read access in sector erase suspend state causes the flash memory to output DQ6 = 1 if the address belongs to the sector 
being erased. 


The flash memory outputs bit 6 (DATA: 6) of the addressed memory cell if the address does not belong to the sector being 
erased. 
Note: 


When the automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm execution 
and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid data. 
Hence the status of the toggle bit can only be identified safely if the corresponding data has been read at least three times. 
Note: 


For correctly reading the DQ6 flag of the Program/Data Flash (Main Flash), the following rule must be adhered: 


m Make sure at least one other instruction is executed between two read accesses to the hardware sequence flags (at least 
one NOP). 


This rule is not applicable for the Data Flash. 


33.7.3 Timing Limit Exceeded Flag (DQ5) 

The timing limit exceeded flag (DQ5) indicates that the execution of the automatic algorithm has exceeded the timing (internal 
pulse count) prescribed in the flash memory. 

33.7.3.1 Timing limit exceeded flag (DQ5) 

The function of the DQ5 flag in each Flash status is described in Table 33-11. 


Write and chip/sector erase 


A read access during execution of the automatic write or erase algorithm causes the flash memory to output the status of the 
DQ5 flag, regardless which Flash address is being read. 


A read access after successful termination of the automatic write or erase algorithm is handled as a regular Flash read 
access and returns bit 5 (DATA:5) of the currently addressed Flash cell. 


The DQ flag is read as 0 as long as the program or erase time is within the prescribed time (maximum time required for 
write/erase). After this time has been exceeded, 1 is returned as read value. 


An unsuccessful write or erase operation can be determined if DQ5 is 1 while DQ6 and DQ7 shows that the automatic algo- 
rithm is still being executed. 


For example, writing 1 to a flash memory address where 0 has been written will cause the fail state to occur. In this case, the 
flash memory will lock and execution of the automatic algorithm will not terminate. As a result, valid data will not be output 
from the data polling flag (DQ7). In addition, the toggle bit flag (DQ6) will exceed the time limit without stopping the toggle 
operation and the timing limit exceeded flag (DQ5) will output 1. Note that this state does not indicate that the flash memory is 
faulty, but has been used incorrectly. When this state occurs, execute the Read/Reset command. 


Sector erase suspend 


A read access in sector erase suspend state causes the flash memory to output DQ5 = 0 if the address belongs to the sector 
being erased. 


The flash memory outputs bit 5 (DATA: 5) of the addressed memory cell if the address does not belong to the sector being 
erased. 
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Note: 


When the automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm execution 
and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid data. 
Hence the status of the DQ5 bit can only be identified safely if the corresponding data has been read at least twice. 


33.7.4 Sector Erase Timer Flag (DQ3) 


The sector erase timer flag (DQ3) indicates if the execution of the sector erase command has been started of if the sector 
erase wait period is being applied which allows to submit further sector erase commands. 


33.7.4.1. | Sector erase timer Flag (DQ3) 


After submitting a sector erase command sequence, the sector erase wait period is applied. Within this period it is possible to 
submit further sector erase commands. The DQ3 flag can be used to identify this wait period. 


The function of the DQ3 flag in each Flash status is described in Table 33-11. 


Sector erase 


A read access during execution of the automatic erase algorithm causes the flash memory to output the status of the DQ3 
flag, regardless which Flash address is being read. A read access during the sector erase wait period returns 0. After exceed- 
ing this wait period, the actual sector erase starts and a read access to the DQ3 flag returns 1. Further sector erase com- 
mands will be ignored when DQ3 is 1. 


A read access after successful termination of the automatic erase algorithm is handled as a regular Flash read access and 
returns bit 3 (DATA:3) of the currently addressed Flash cell. Accessing an erased cell returns 1. 


See 33.8.5 Erasing Optional Data (Sector erase) for more details about submitting multiple sector erase commands. 


The DQ3 flag should be checked before and after submitting further sector erase commands. If DQ3 is read as 1 after submit- 
ting the erase command, then this additional sector erase request may not be accepted. 


Sector erase suspend 


A read access in sector erase suspend state causes the flash memory to output DQ3 = 1 if the address belongs to the sector 
being erased. 


The flash memory outputs bit 3 (DATA: 3) of the addressed memory cell if the address does not belong to the sector being 
erased. 


Note: 


When the automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm execution 
and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid data. 
Hence the status of the DQ3 bit can only be identified safely if the corresponding data has been read at least twice. 


33.7.5 Toggle Bit-2 Flag (DQ2) 


The toggle bit-2 flag (DQ2) indicates if a sector is in the erase-suspended state. It can also be used to check which sectors 
are specified for erase. 


33.7.5.1 Toggle bit-2 flag (DQ2) 


The DQ2 toggle bit can be used together with the DQ6 toggle bit to determine whether the Flash is in the sector erase sus- 
pend state or if the erase algorithm is currently being executed. 


The function of the DQ2 flag in each Flash status is described in Table 33-11. 


Sector erase 


Successive read accesses during execution of the automatic sector erase algorithm causes the flash memory to toggle the 
DQ2 flag for every read cycle if the read address points to a sector which is specified for erase. A read access to another sec- 
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tor returns 1. This can be used to determine if the currently accessed sector belongs to the sectors which are specified for 
erase. For a chip erase, DQ2 toggles for all sectors. 


A read access after termination of the automatic algorithm is handled as a regular Flash read access and returns bit 2 
(DATA:2) of the currently addressed Flash cell. Accessing an erased cell returns 1. 


Sector erase suspend 


Successive read accesses during sector erase suspend also causes the flash memory to toggle the DQ2 flag for every read 
cycle if the read address points to a sector which is specified for erase. A read access to another sector returns bit 2 (DATA:2) 
of the currently addressed Flash cell. 


Both DQ2 and DQ6 are used for detecting an erase-suspended sector (DQ2 toggles, but DQ6 does not). 


Sectors which are not specified for erase can be programmed in erase suspend state. Reading from such a sector during 
erase-suspend-program mode returns DQ2=1. 


Timing limit exceeded 


In case of an unsuccessful chip or sector erase operation (Timing limit exceeded, DQ5=1), DQ2 can be used to identify which 
sector caused the timeout state. DQ2 will only toggle when accessing the sector which caused the timeout. For other sectors, 
1 is read. 


Note: 


When the automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm execution 
and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid data. 
Hence the status of the toggle bit can only be identified safely if the corresponding data has been read at least three times 
from the same location. 


Note: 


For correctly reading the DQ2 flag of the Program/Data Flash (Main Flash), the following rules must be adhered: 


m Make sure at least one other instruction is executed between two read accesses to the hardware sequence flags (at least 
one NOP). 


m The MTCRA/MTCRB:ADS bit must be set to 1’ when reading the hardware sequence flags (ADS is set to ’1’ in all recom- 
mended Flash timing settings for writing). 


m Do not access flash memory control registers (address 0003F0,, to OO3FFy) between reading the hardware sequence 
flags. 


These rules are not applicable for the Data Flash. 


33.8 Detailed Explanation of Writing to and Erasing Flash Memory 


This section describes each operation procedure of the flash memory: Read/Reset, Write, Chip Erase, Sector Erase, Sector 
Erase Suspend and Sector Erase Restart. 


Detailed explanation of flash memory write/erase 


By issuing a command sequence (see Table 33-9 in Section 33.6 Starting the Flash Memory Automatic Algorithm) the flash 
memory executes the automatic algorithm to perform Read/Reset, Write, Chip Erase, Sector Erase, Sector Erase Suspend or 
Sector Erase Restart operations. 


In between write accesses of the command sequence, other bus read/write cycles can be performed as long as no write 
access to the flash memory other than defined by the command sequence is performed. Even reading the Flash between the 
write accesses is possible. 


Termination of the automatic algorithm can be determined by polling the hardware sequence flags, polling the RDY flag 
(MCSRA:RDY/MCSRB:RDY for Program/Data Flash, DFCSA:RDY/DFCSB:RDY for Data Flash) or by interrupt. At normal 
termination, the flash memory returns to the read/reset state. 


Each operation of the flash memory is described in the following chapters: 
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Setting the read/reset state 

Writing data by submitting the write command sequence 

Write to the Data Flash by using the Write Command Sequencer 
Erasing all data (chip erase) 

Erasing optional data (sector erase) 

Suspending sector erase 


Restarting sector erase 


33.8.1 Setting The Read/Reset State 


This section describes the procedure for issuing the Read/Reset command to set the flash memory to the read/reset state. 


Seiting the flash memory to the read/reset state 


The read/reset state is the initial state of the flash memory. When the power is turned on and when a command terminates 
normally, the flash memory is set to the read/reset state. In the read/reset state, any command can be input. 


In the Timeout state (DQ5=1), the flash memory can be set to the read/reset state by sending the Read/Reset command in 
the command sequence table (see Table 33-9 in Section 33.6 Starting the Flash Memory Automatic Algorithm) continuously 
to the target sector in the flash memory. 


The Read/Reset command has two types of command sequences that execute after the first and after the third bus operation. 
However, there is no essential difference between those two command sequences. The two types of the command are 
offered for software compatibility. 


The Read/Reset command is not required to read data by a regular read. The Read/Reset command is mainly used to initial- 
ize the automatic algorithm when a command does not terminate normally. 


The Read/Reset command has no effect in normal operation of the write or erase automatic algorithm. It cannot be used to 
interrupt an ongoing write or erase command execution. Also resetting the Flash from the sector erase suspended state is not 
possible. The Read/Reset command has no impact on the activation of the fast program mode. 

33.8.2 Writing Data by submitting the write command sequence 


This section describes how to write data to the flash memory by sending the write command sequence. 


33.8.2.1 Starting the write automatic algorithm 


The data write automatic algorithm of the flash memory can be started by sending the Write command in the command 
sequence table (see Table 33-9 in Section 33.6 Starting the Flash Memory Automatic Algorithm) continuously to the target 
sector in the flash memory. When data write to the target address is completed in the fourth command cycle, the automatic 
algorithm for writing is started. 

Specifying addresses 


Writing to the Program/Data Flash (Main Flash) is possible in byte or word mode. When writing in word mode, an even 
address must be specified in the write data cycle. 


Writing to the Data Flash in direct write mode (DFWCA:WE=’0’ / DFWCB:WE=’0’) is possible in byte mode only. 


Writing can be done in any order of addresses or even if the sector boundary is exceeded. However, the Write command 
writes only data of one byte or word for each execution. 


Notes on writing data 


Writing cannot return a data bit in the Flash from 0 to 1. When trying to program a bit to 1 which is already set to 0, the data 
polling algorithm (DQ7) or toggle operation (DQ6) does not terminate and the timing limit exceeded flag (DQ5) be set after the 
prescribed maximum time for writing. A bit programmed to 0 can only be set to 1 by an erase operation. 


All commands are ignored during execution of the automatic write algorithm. If a CPU reset (Power reset, external reset, soft- 
ware reset, watchdog reset or clock stop reset) is asserted during writing, the data of the written addresses will be unpredict- 
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able. A write access to a write protected sector also asserts the flash hardware resets and cancels an ongoing write 
operation. 


33.8.2.2 Fast write mode 


The Fast write mode can be used for programming multiple data to the Flash. After writing the "Set to fast mode" command to 
the Flash, it is possible to program data by sending the two-cycle Fast write command instead of the standard four-cycle Write 
command. 


Only submitting the "Reset from fast mode" command changes the flash back to the normal mode. Other commands have no 
influence on the fast mode setting, including Read/Reset and erase commands. 


Asserting a flash hardware reset by asserting a CPU reset (Power reset, external reset, software reset, watchdog reset or 
clock stop reset) or by writing to a protected sector also resets the flash from the fast mode. 
33.8.2.3 Example for writing to the flash memory 


Figure 33-11 shows an example of the procedure for writing to the flash memory. The hardware sequence flags (see Section 
33.7 Confirming the Automatic Algorithm Execution State) can be used to determine the state of the automatic algorithm in 
the flash memory. Here, the data polling flag (DQ7) is used to confirm that writing has terminated. 


Data polling must be performed to the memory location which is being programmed. Otherwise the transition of the DQ7 flag 
at the termination of the write command cannot be detected. 


When the write automatic algorithm starts or stops, the Flash changes asynchronously between the automatic algorithm exe- 
cution and the read/reset or sector erase suspend state. A possible read access to the Flash at this time can return invalid 
data. Hence the status of the hardware sequence flags must be rechecked to confirm the correct state. 
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MCSR(A/B):WE (bit 3) 
Enable flash memory write 
(not needed for Data Flash) 


Write command sequence 
(1) mmmAAA <-- AA 

(2) mmm554 <-- 55 

(3) mmmAAA <-- AO 

(4) Write address <-- Write data 


Read address being written Next address 


Data polling (DQ7) 


Confirm with the hardware 
sequence flags. 


Timing limit (DQ5) 


Read address being written 


Data : 
Data polling (DQ7) 


Final address 


MCSR(A/B):WE (bit 3) 
Disable flash memory write 
(not needed for Data Flash) 


Complete writing 


Note: 


The address "mmm" must point to the flash memory module on which the command is meant to operate. 
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33.8.3 Writing to the Data Flash by using the Write command sequencer 


This section describes how to write to the Data Flash by using the Write command sequencer instead of manually submitting 
the write command sequence. 


33.8.3.1 | Using the Write command sequencer 


The Data Flash can be written by two methods. Either in direct mode by manually submitting the write sequence as described 
in the previous section (DFWCA:WE=’0’ / DFWCB:WE=’0’) or by using the Write command sequencer (DFWCA:WE=’1’ / 
DFWCB:WE='1’). 


After activating the Write command sequencer, each CPU write access to the Data Flash is handled as a write request to the 
flash memory. The Flash interface prefixes each write data with the Write command sequence. It is not possible to submit any 
other command sequence to the Flash as long as DFWCA/B:WE is set to 1. 


Activating and deactivating the Write command sequencer 


After any reset, the Write command sequencer is always disabled. It can be activated by setting DFWCA/B:WE to 1. This 
should be done only when the Data Flash is in the Read/Reset or Sector erase suspend state and no command sequence 
has been written to the flash (not even the first write cycle of a new command sequence). 


The Write command sequencer must not be disabled when it is not in Idle state (DFWSA/B:ST[1 :0]="00"). 


Specifying addresses 


Writing to the Data Flash in Write command sequencer mode is possible in byte or word mode. When writing in word mode, 
an even address must be specified. The Flash interface programs the word data to the Flash by automatically submitting two 
byte write commands. 


Writing and reading the Data Flash with activated Write command sequencer 


Writing and reading the Data Flash is possible only when the Write command sequencer is in the Idle state (DFWSA/ 
B:ST[1:0]="00"). In this case, reading is possible in byte or word mode as with disabled Write command sequencer. When the 
command sequencer is not in the Idle state, no Flash read access will be executed. Instead the flash interface outputs the 
default value 00,, and sets the prohibited access error flag DFWSA/B:PAERF. 


A flash write access when the Write command sequencer is not idle is also ignored and will set the error flag DFWSA/ 
B:PAERF. Always check the Write command sequencer status bits DFWSA/B:ST[1:0] before reading or writing to the Data 
Flash with activated Write command sequencer. 


33.8.3.2 — Interrupt functions of the Write command sequencer and DMA access 


The Write command sequencer can only handle one write command at a time. A second write request is ignored when a write 
operation is ongoing. The progress of a write operation can be checked by reading the Write command sequencer state or by 
using the interrupt functions. Memory blocks can be transferred by using the DMA function. Write errors are indicated by 3 
error interrupt flags. 


Idle Interrupt IDLINT (mainly for programming by DMA) 


The DFWSx:IDLINT flag is set when the Write command sequencer is ready to receive new write data. This is the case after 
enabling the Write command sequencer (setting DFWCx:WE to 1) and when the command sequencer finishes a write opera- 
tion. The interrupt and DMA function of this flag is enabled by the corresponding DFWCx:IDLINTE bit. 


This flag can be used to initiate a DMA transfer to the Data Flash. The DMA and interrupt module must be configured before 
activating the Write command sequencer. Setting DFWCx:WE or DFWCx:IDLINTE to 1 will then assert the first interrupt 
which starts the DMA operation. 


The IDLINT flag can be cleared by CPU writing and by the DMA clear function. 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 691 


Su CYPRESS 


Flash Memory “a” «= EMBEDDED IN TOMORROW 


Finish Interrupt FININT (mainly for programming by CPU) 


The DFWSx:FININT flag is set after a successful termination of a write command. It can be used to inform the CPU about the 
result of the started write command and that the Write command sequencer is ready to program the next data. The interrupt 
function of this flag is enabled by the corresponding DFWCx:FININTE bit. 


The FININT flag can be cleared by CPU writing and by the DMA clear function. 


Error Interrupts (Timeout, Write error and Write incomplete) 

An unsuccessful termination of a write operation when using the Write command sequencer is denoted with the setting of one 

of the following error flags: 

= Timeout Interrupt flag DFWSx:TOERINT: This error flag is set when the Timing Limit Exceeded flag DQ5 is set during pro- 
gramming. 

mg Write Error Interrupt flag DFWSx:WERINT: This error flag is set when the write command terminates without having the 
correct data written (for example after trying to write to an erase suspended sector). 

m Write Incomplete Error Interrupt flag DFWSx:WIERINT: This error flag is set when the write command sequencer is dis- 
abled while a write sequence is ongoing (DFWSx:ST[1:0]=01 or 10). 


The interrupt function of these 3 flags is enabled by the corresponding DFWCx:ERINTE bit. A DMA Stop request is also 
asserted in case of an error interrupt. 


33.8.4 Erasing All Data (Chip Erase) 


This section describes the procedure for issuing the Chip Erase command to erase all data in a flash memory module. 


Erasing all data in the flash memory module (chip erase) 


All data can be erased from a flash memory module by sending the Chip Erase command in the command sequence table 
(see Table 33-9 in Section 33.6 Starting the Flash Memory Automatic Algorithm) continuously to any sector in the target flash 
memory module. 


The Chip Erase command is executed in six bus operations. When writing of the sixth cycle is completed, the chip erase 
operation is started. For chip erase, the user does not need to write 0 to the flash memory before erasing. During execution of 
the automatic erase algorithm, the flash memory automatically writes 0 for verification before all of the cells are erased (pre- 
programming). 


33.8.5 Erasing Optional Data (Sector erase) 


This section describes the procedure for issuing the Sector Erase command to erase optional data (sector erase) in the flash 
memory. Individual sectors can be erased. Multiple sectors can also be specified at one time. 


33.8.5.1 Starting the Sector erase automatic algorithm 


Optional sectors in the flash memory can be erased by sending the Sector Erase command in the command sequence table 
(see Table 33-9 in Section 33.6 Starting the Flash Memory Automatic Algorithm) continuously to the target sector in the flash 
memory. 


Specifying sectors 


A Sector erase is initiated by submitting the sector erase command (six write operations) to the target sector. After submitting 
the last command (30h) to an even address in the target sector, the sector erase wait time is applied for approximately 50us. 
To erase multiple sectors, write the erase code 30h (sixth cycle of the command sequence) to the next target sector within 
this wait time. The first 5 cycles of the sector erase command do not have to be written in this case. 


Notes on specifying multiple sectors 


Erase is started when the sector erase wait period of 50us terminates after the last sector erase code (30h) has been written. 
Each writing of a sector erase code restarts the sector erase wait period. The sector erase timer flag DQ3 must be checked 
after submitting each erase code to make sure it has been accepted. 
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33.8.5.2 | Example for erasing sectors in the flash memory 


The hardware sequence flags (see Section 33.7 Confirming the Automatic Algorithm Execution State) can be used to deter- 
mine the state of the automatic algorithm in the flash memory. Figure 33-12 shows an example where the toggle bit flag 
(DQ6) is used to confirm that erasing has terminated. 


When the automatic erase algorithm stops, the Flash changes asynchronously from the automatic algorithm execution and 
the read/reset state. A possible read access to the Flash at this time can return invalid data. For example to safely identify the 
Erase error state, the DQ6 toggle bits must be checked again after reading DQ5=1. 
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MCSR(A/B):WE=1 
Enable flash memory erase 
(not required for Data Flash) 


>| 


Erase command sequence: 
(1) mmmAAA <-- AA 
(2) mmm554 <-- 55 
(3) mmmAAA <-- 80 
(4) 
(5) 


mmmAAA <-- AA 
mmm554 <-- 55 


Enter erase code: 
(6) SSSXXX <-- 30 
(XXX = even address) 


Me 


Another 
sector to be 


erased? 
N 


Erase error 


pid 


1st read to target flash module 


2nd read to target flash module 


Toggle bit 
DQ6 (1st read)= 
DQ6 (2nd read) 


Timing limit (DQ5) 


ri 


1st read to target flash module 


2nd read to target flash module 


Toggle bit 
DQ6 (1st read)= 
DQ6 (2nd read) 


Note: 


The address "mmm" must point to the flash memory module on which the command is meant to operate. 
The address "sss" must point to the flash memory sector on which the command is meant to operate. 


Timeout marker set? 


N 


MCSR(A/B):WE=0 
Disable flash memory erase 
(not required for Data Flash) 


Complete erasing 


v 


Enter erase code: 
(6) SSSXXX <-- 30 
(XXX = even address) 


Read target flash module 


Sector Erase Timer 
(DQ3) 


Sector was not added within 50us 
Set timeout marker and stop 
sending further erase commands 
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33.8.6 | Suspending Sector Erase 


This section describes the procedure for issuing the Sector Erase Suspend command to suspend erasing of flash memory 
sectors. In this state, data can be read from or written to sectors that are not specified to be erased. 


33.8.6.1 | Suspending erasing of flash memory sectors 


Erasing of flash memory sectors can be suspended by sending the Sector Erase Suspend command (BOy) to an even 


address in the target flash memory module. Submitting this command suspends the sector erase operation being executed. 
In this suspend state, it is possible to read data from or to write data to sectors that are not specified to be erased. Further 
erase operations are forbidden. 


The Sector Erase Suspend command is valid only while the sector erase operation is in progress or while the sector erase 
wait time is being applied. The command will be ignored during chip erase or write operations. If a Sector Erase Suspend 
command is issued during sector erase suspend, the command will be ignored. 


Entering the Sector Erase Suspend command during the sector erase wait period will immediately terminate sector erase wait 
and cancel the requested erase operation. While the sector erase is in progress, it takes a maximum period of 20us from sub- 
mitting the Sector Erase Suspend command until the flash changes to the suspend state. 


Notes on using the sector erase suspend function of the Program/Data Flash (Main Flash): 

a After starting or restarting a sector erase command, a minimum wait time of 1.2ms must be applied before submitting a 
sector erase suspend command. 

m The erase operation of one sector must not be suspended for more than 10 times. 


Notes on using the sector erase suspend function of the Data Flash: 

The same rules as stated above for the Program/Data Flash (Main Flash) are also valid for the Data Flash. However it is 
allowed to suspend a sector erase operation more frequently, when the following rules are obeyed: 

m During sector erase, the DQ4 flag must be polled with a maximum read period of 20s. 

m If DQ4 is 1 (busy to suspend), polling must continue. 

m If DQ4 becomes 0 (ready to suspend), the erase suspend command must be written immediately. 

rT] 


The maximum length of the "busy to suspend" period is 2.4ms. Within this time, no suspend command should be written 
to the flash. 


33.8.7 Restarting Sector Erase 

This section describes the procedure for issuing the Sector Erase Restart command to restart suspended erasing of flash 
memory sectors. 

Restarting erasing of flash memory sectors 


Suspended erasing of flash memory sectors can be restarted by sending the Sector Erase Restart command (30})) to an even 
address in the target flash memory module. If a Sector Erase Restart command is issued during sector erase, the command 
will be ignored. 


The Sector Erase Restart command is used to restart erasing of sectors from the sector erase suspend state set by using the 
Sector Erase Suspend command. 


33.8.8 Protecting sectors from being erased/written to 


This section describes the procedure to protect sectors of the Program/Data Flash (Main Flash) from being unintentionally 
erased or written to. 
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33.8.8.1 | Function of the sector write protection 


Individual sectors of the Program/Data Flash (Main Flash) can be protected from being erased (by sector erase command) or 
from being written (by write command). This can be configured by programming the Flash Memory Write Control registers. 
For a description of these registers, please refer to 33.4.3 Flash Memory Write Control registers 0-5 (FMWCO-FMWC5). This 
feature can be used to prevent the application from an unintended erase or rewrite of specified Flash sectors. It is still possi- 
ble to write/erase the flash memory in Parallel Flash programming mode or in Serial Communication mode. 


An attempt to send a command sequence to a write protected sector is cancelled by asserting a flash hardware reset for the 
corresponding Flash module. This includes all write accesses of any command sequence. Hence for submitting a command 
sequence to the Flash, only sectors which are not write protected must be addressed. 


The flash hardware reset is asserted for 64 CLKB clock cycles. During this time, the corresponding RDY flag (MCSRA:RDY 
or MCSRB:RDY) is forced to 0. 


The sector write protection has no effect in Parallel Flash programming mode. 


Notes on writing to the flash during execution of the automatic algorithm 


Any write access to a write protected sector activates the flash hardware reset. Such a hardware reset stops any ongoing 
automatic algorithm execution (write or erase). This causes data being written to be undefined and sectors being erased to be 
corrupted. In such a case, the interrupted write or erase command must be submitted again. 

Chip erase 

It can be selected if a Chip Erase command is executed or not when sector protection for some existing sector is enabled. 


The Chip Erase command is not executed when: 


m Any write access of the Chip Erase command sequence is issued on a protected sector (Flash hardware reset is 
asserted). When all sector protection bits are set to 0, then the Chip Erase command sequence is always cancelled. 


m The command data in the 5" and 6!" write cycle is written in word mode as 0x0055 and 0x0010 (Chip Erase command is 
ignored). 


The Chip Erase is performed even though any sector protection is enabled when: 
m The command is issued to an unprotected and available sector, the command is issued in word mode, and the upper byte 


is different than 0x00. 
33.8.8.2 Activating the write protection by user program 
The user program can configure the sector write protection by direct programming of the Flash Memory Write Control regis- 
ters (FMWCO-FMWCS5). 
33.8.8.3. Activating the write protection without user program interaction 


Individual sectors of the flash memory can be protected from being erased or written to by filling in data into dedicated loca- 
tions of the Flash memory (ROM configuration blocks RCBA/RCBB). No user program interaction is needed to activate the 
write protection in this case. 


The write protection for sectors of Flash A is defined by the Flash Write Protection Activation Marker A (FWPAMA1/0) and the 
Flash Write Protection Sector Markers A (FWPSMAO - FWPSMA4) stored in RCBA. 


The write protection for sectors of Flash B is defined by the Flash Write Protection Activation Marker B (FWPAMB1/0) and the 
Flash Write Protection Sector Markers B (FWPSMBO - FWPSMB4) stored in RCBB. 


After any reset and before user program execution the following is executed (in Internal and External Vector modes): 


Flash A: 


When the content of {FWPAMA1, FWPAMA0} = 292D3A7BH, then the content of FWPSMA0-4 is transferred to FMWC1-5 for 
all existing sectors of Flash A. 


For any other value of {FWPAMA1, FWPAMA0}, the content of FWPSMAO-4 is ignored and no transfer to the FMWC registers 
is performed. 
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Flash B (only devices with Flash B): 


When the content of {FWPAMB1, FWPAMB0} = 292D3A7BH, then the content of FWPSMBO-4 is transferred to FMWC0,2-5 
for all existing sectors of Flash B. 


For any other value of {FWPAMB1, FWPAMB0}, the content of FWPSMBO-4 is ignored and no transfer to the FMWC registers 
is performed. 


As long as the sector containing the flash write protection markers is not protected against write/erase (for Flash Amemory bit 
FWPSMAO:WCAO = 1, for Flash B memory bit FWPSMBO:WCBO = 1), it is possible to modify the content of the markers by 
writing to this marker or by erasing the Flash memory sector containing the marker. The new content is activated by asserting 
any reset. 


After write protection for a set of sectors is activated by Flash Write Protection Markers, the user program can still add individ- 
ual sectors to the set of write protected sectors by setting the corresponding bits in the Flash Memory Write Control registers 
0-5 (FMWCO0-FMWCS5) to "0". 


In Serial communication mode, the configuration data is not automatically transferred to the FMWC registers. 


If the temporary UART scan is enabled in Internal Vector mode, then the configuration data is transferred to the FMWC regis- 
ters after leaving the serial communication. 


Figure 33-13. Configuration of the Flash Write Protection Activation Marker (FWPAMA0/1, FWPAMB0/1) 


Address: 


DE001C}, : FWPAMAO (for Flash A) fe aig ae A a a OR Se OD 


DE001E,, : FWPAMA1 (for Flash A) 
DFO01E,, : FWPAMB1 (for Flash B) 
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Figure 33-14. Configuration of the Flash Write Protection Sector Markers (FWPSMAO -FWPSMA5, FWPSMBO -FWPSMB5) 


Address: 


DF0020,, : 
DF0021,, 


Flash A 


Flash B 


Address: 
DE0020,, : FWPSMBO (reserved for Flash B small sectors) 


: FWPSMA‘1 (reserved for Flash A large sectors 


FWPSMAO (reserved for Flash A small sectors) 
DE0021,, : FWPSMB1 


reserved for Flash B large sectors 


DF0023,, : FWPSMAS (reserved for Flash A large sectors 
DF0024,, : FWPSMA4 (reserved for Flash A large sectors 


7 6 5 4 3 2 1 0 


15 14 13 12 #11 #10 9 8 


FWPSMA1 WC15 | WC14 | WC13 | WC12} WC11) WC10) Wcg | WC8 


15 14 13 12 11 #10 9 8 
ous [ion ie 
7 6 5 4 3 2 1 9 
pursues rol fol 


bit 0-15 


} 

DF0022,, : FWPSMA2 (reserved for Flash A large sectors 
( 
( 


) 
) 
) 
) 


Write Control for Sector Sx 
} 0 | Writing to or erasing the sector Sx is prohibited 
Writing to or erasing the sector Sx is allowed 


DE0022,, : FWPSMB2 
DE0023,, : FWPSMB3 
DE0024,, : FWPSMB4 


reserved for Flash B large sectors 
reserved for Flash B large sectors 
reserved for Flash B large sectors 


Pi 


rg 6 5 4 3 2 1 0 
rwpouee [oon onl] eam 


FWPSMB1 WC15 | WC14 | WC13 | WC12} WC11) WC10] WC9 | WC8 


7 6 5 4 3 2 1 #0 


15 14 13 12 11 10 9 8 


FWPSMB3 | west | wcso | we29 | WC28 | wc27) wos | wo25 | WC24 


ig 6 5 4 3 2 1 0 
pwrsves Foleo olsen 


All bits mapped to not existing sectors must be set to ‘1’ 
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33.9 Notes on using Flash Memory 


This section contains notes on using flash memory. 


33.9.1. | Notes on using flash memory 


Compatibility to MBM29LV200TC 
For the Program Data Flash (Main Flash), please review the MBM29LV200TC data sheet in conjunction with this document. 


Input of a CPU reset (RST) 


A CPU reset (Power reset, external reset, software reset, watchdog reset or clock stop reset) asserts the flash hardware 
reset. Such a reset assertion during flash writing causes the data being written to be undefined. 


Resetting the device once execution of sector erase has begun will corrupt the data in the sector. In that case, restart the 
erase on this sector and allow it to complete. 
Program access to flash memory 


When the automatic algorithm is operating, read access to the flash memory at which the automatic algorithm is active, is dis- 
abled. 


Hence, make sure that the CPU is not executing code from a flash memory that is erased/written. If the Flash A memory is to 
be erased/written, make sure that code is executed only from the Flash B memory (if available) or from RAM. If the Flash B 
memory is to be erased/written, make sure that code is executed only from the Flash A memory or from RAM. 


For the same reason, make sure that the table base register (TBR) is not pointing to an interrupt vector table located in flash 
memory to be erased or written to. Program TBR to point to an interrupt vector table in the other flash memory (if available) or 
in RAM, or disable interrupts completely before starting the automatic algorithm. 


DMA 


DMA can only be used to serve write and erase interrupts of the Data Flash memory, not for the Program/Data Flash (Main 
Flash). 
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33.10 Flash memory programming example 


This section presents a Flash memory programming example. 


Programming example 


Flash memory sample program: 


; THIS SAMPLE CODE IS PROVIDED AS IS AND IS SUBJECT TO ALTERATIONS. 
7 CYPRESS ACCEPTS NO RESPONSIBILITY OR LIABILITY 
; FOR ANY ERRORS OR ELIGIBILITY FOR ANY PURPOSES. 


; (C) CYPRESS EUROPE 1998-2007 


; This program erases Flash A sector SA2 and programs 0xAA55 
; to SA2. Afterwards the results are output on port POO as follows: 


; Bit# 0 234567 


| 
| 
; | +---- EERR: Erase time out error 
i | +------ EOK1: Successfully erased (with "time out warning") 
; | +-------- EOKO: Successfully erased 
; | 5 ase ne tae ee Ee PERR: Program time out error 
‘ f, eee ete POK1: Successfully programmed (with "time out warning") 
; 4---------------- POKO: Successfully programmed 


»-PROGRAM FLASH _W_E 


- LITLE FLASH _WRITE_ERASE 

; Defines 

set POKO 0x0001 

set POK1 0x0002 

set PERR 0x0004 

set EOKO 0x0010 

set EOK1 0x0020 

set EERR 0x0040 

set DQ3 0x0008 ; sector erase start 

set DQ5 0x0020 ; time out bit 

set DQ7 0x0080 ; data polling bit 

ys I/0 
PDROO .EQU 0x0000 ; Port data register 00 
DDROO -EQU 0x0430 ; Port direction register 00 
MCSRA . EQU Ox03F1 ; Flash A Timing 1 
MTCRA .EQU Ox03F2 ; Flash A Timing 2 
FMWC1 .EQU Ox03F9 ; Sector SAO - SA7 unlock 
CKSR . EQU 0x0401 ; Clock select 
CKSSR .EQU 0x0402 ; Clock stabilization control 
CKMR .EQU 0x0403 ; Clock stabilization status 
CKFCR .EQU 0x0404 ; Clock frequency control 
PLLCR -EQU 0x0406 ; PLL settings 

; RAM 
RAMSTART .EQU 0x4000 ; Start address of RAM code 
; FLASH 
SA1 .- EQU Ox00DF2000 ; SAl data sector 
SA1_554 .EQU Ox00DF2554 ; Flash sequence address 1 
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SA1_AAA  .EQU Ox0O0DF2AAA 


-SECTION RESVECT, CONST, 
»-DATA.E START 


’ 


Flash sequence address 2 


LOCATE=0xFFFFDC 


LOCATE=0xDF0030 


disable interrupts 


set clock stabilization time 2*16/CLKMC 
CPU: 56 MHz, CLKP2: 14 MHz for 4 MHz ext. 
CLKB/1, CLKP1/1, CLKP2/4 


top of system stack pointer 


»~SECTION BOOT_SELECT, CONST, 

.-DATA.L OxFFFFFFFF 
ee eee ——————————== 
, 
; Main program in Flash memory 

.-SECTION CODE_FLASH, CODE, LOCATE=0xFF8000 
START: AND CCR, #0x80 i 

MOV RP, #0 ; vegister bank #0 

MOV CKSSR, #0xFC : 

MOVW PLLCR, #0x000D - 

MOVW CKFCR, #0x3001 ; 

MOVW MTCRA, #0x4B3B ; 3 wait states 

MOV CKSR, #0xFA 

MOVL A, #0x00002540 A 

MOVW SP, A 

SWAPW 

MOV SSB, A 


7 copy RAM code to RAM 


MOVW 
MOVW 
MOVW 
MOVS 


MOV 
MOV 
MOVN 
MOV 


MOV 
MOV 


A 


A, #(OxFFFF & FLASH) 


RWO, #SIZEOF (CODE_FLASH_RAM) ; number of code bytes 


, #RAMSTART 


ADB, PCB 


A 


, #OxFF 


DDROO, A 


A 
I 


A 


, #0 
:PDROO, A 


, #OxFF 


FMWCl, A 


PLLWAIT: BBCCKMR:6, PLLWAIT; 


CALLP 
MOV 
MOVW 


CALLP 
MOVW 
ORW 
MOV 


; RAM code functions 


. SECTION 

; jump table 
FLASH: JMPP (ERASE — 
JMPP (WRITE — 


wait for clock 


(RAMSTART) 
PDROO, A 
RW6, A 


(RAMSTART + 4) 


A, RW6 
A 
PDROO, A 


, 


, 


’ 


, 


start of RAM code 
; start of ROM code 


init port 


0x00 to port 00 


unlock SAO - SA7 


stabilization 


erase sector 
status flag to port 00 
save status flag 


write Data 
restore status flag 


show result 


endless loop 


CODE_FLASH_RAM, CODE, LOCATE=0xFF9000 


OxFF9000 + RAMSTART) 
OxFF9000 + RAMSTART) 
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y7====== SECTOR ERASE == 


; erases sector SA1 
; input: none 


; output (in A): EOKO = successfully erased 

i EOK1 = successfully erased with "pre-time-out" 

; EERR = time out error 

ERASE: MOV A, MCSRA ; save Flash Timings 
PUSHW A 
MOV A, MTCRA 
PUSHW A 
CLRB MCSRA:4 ; disable Code Read Buffer 
CLRB MCSRA:5 ; disable Data Read Buffer 
MOVW MTCRA, #0x4B3D ; slow down Flash access to 4 wait states 
SETB MCSRA:3 ; write enable 


; Sector erase sequence 


MOVL A, #SA1_AAA 

MOVL RLO, A 

MOV A, #0xAA ; *OxDF2AAA = OxAA 
MOVW @RLO, A 

MOVL A, #SA1_554 

MOVL RLO, A 

MOV A, #0x55 ; *OxDF2554 = 0x55 
MOVW @RLO, A 

MOVL A, #SA1_AAA 

MOVL RLO, A 

MOV A, #0x80 ; *OxDF2AAA = 0x80 
MOVW @RLO, A 

MOVL A, #SA1_AAA 

MOVL RLO, A 

MOV A, #0xAA ; *OxDF2AAA = OxAA 
MOVW @RLO, A 

MOVL A, #SA1_554 

MOVL RLO, A 

MOV A, #0x55 ; *OxDF2554 = 0x55 
MOVW @RLO, A 

MOVL A, #SA1L 

MOVL RLO, A 

MOV A, #0x30 ; *OxDF2000 = 0x30 
MOVW @RLO, A 


; Wait for sector erase start 


E_DQ3: MOVW A, @RLO+0 ; read sector state 
MOVN A, #DQ3 
ANDW A 
MOVN A, #DQ3 
CMPW A 
BNZ E_DQ3 


; Data polling algorithm 


MOVN A, #0 ; status flag in RW2 
MOVW RW2, A 

E_LOOP: MOVW A, @RLO+0 ; read sector state 
ANDW A, #DQ7 ; data polling 


CWBNE A, #DQ7, E_l 
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E_ERR: 


RAMEND: RETP 


; writes OxAA55 to start of sector SA1 


; input: none 


; output (in A): 


WRITE: 


MOV 
MOVW 


MOVW 
ANDW 
CWBNE 


MOVW 
ANDW 
CWBNE 


MOV 
MOVW 
BRA 


MOV 
MOVW 


MOVW 
BZ 


CLRB 


POPW 
MOV 
POPW 
MOV 


MOVW 


POKO = 
POK1 = 
PERR = 


MOV 
PUSHW 
MOV 
PUSHW 


CLRB 
CLRB 
MOVW 
SETB 


A, #EOKO 
RW2, A 
A, @RLO+0 
A, #DQ5 


A, #DQ5, E_2 


A, @RLO+0 
A, #DQ7 


A, #DQ7, E_ERR 


A, #EOK1 
RW2, A 
E_2 


A, #EERR 
RW2, A 


successfully written 
successfully written with "pre-time-out" 
time out error 


A, MCSRA 
A 

A, MTCRA 
A 
MCSRA: 4 
MCSRA:5 


MICRA, #0x4B3D 
MCSRA:3 


; Flash write sequence 


MOVL 
MOVL 
MOV 

MOVW 


MOVL 
MOVL 
MOV 

MOVW 


MOVL 
MOVL 


A, #SA1_AAA 
RLO, A 

A, #0xAA 
@RLO, A 


A, #SA1_554 
RLO, A 

A, #0x55 
@RLO, A 


BD 


, #SA1_AAA 
RLO, A 


, 


successful erased 


read 
time 


read 
data 


sector state 
out? 


sector state 
polling 


successful erased 


time 


reset write enable 


restore Flash Timings 


out error 


status flag in A 


(OxDF2000) 


Save Flash Timings 


disable Code Read Buffer 
disable Data Read Buffer 
slow down Flash access to 4 wait states 


write enable 


*OxDF2AAA = OxAA 


*OxDF2554 


0x55 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Flash Memory 


703 


Flash Memory 


W_LOOP: 


W_ERR: 


7; ===== SAl DUMMY 


MOV 
MOVW 


MOVL 
MOVL 
MOVW 
MOVW 


A, #0xA0 
@RLO, A 


A, #SA1 
RLO, A 
A, #0xAA55 
@RLO, A 


; Data polling algorithm 


MOVN 
MOVW 


MOVW 
MOVW 
ANDW 
MOVW 
MOVW 
ANDW 
CMPW 
BNZ 


A, #0 
RW2, A 


A, @RLO+0 
RW4, #0xAA55 
A, #DQ7 

RW5, A 

A, RW4 

A, #DQ7 

A, RW5 

wl 


A, #POKO 
RW2, A 


A, @RLO+0 
A, #DQ5 
A, #DQ5, W_2 


A, @RLO+0 
RW4, #0xAA55 
A, #DQ7 

RW5, A 

A, RW4 

A, #DQ7 

A, RW5 

W_ERR 


A, #POK1 
RW2, A 
W_2 


A, #PERR 
RW2, A 


A, RW2 
W_LOOP 


MCSRA: 3 
A 

MTCRA, A 
A 

MCSRA, A 


A, RW2 


*OxDF2AAA = O0xA0 


*OxDF2000 = dummy data 


status flag in RW2 


read Flash state 
dummy data 
data polling 


successful written 


read Flash state 
time out? 


read Flash state 
dummy data 
data polling 


successful written 


time out error 


reset write enable 


restore Flash Timings 


status flag in A 


; SAl filled with 4 0x00 bytes to confirm sector erase 


704 


.SECTION SA1_DUMMY_DATA, CODE, LOCATE=0xDF2000 


aun’ 
Ws 


CYPRESS 


EMBEDDED IN TOMORROW 
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-DATA.L 0x00000000 


-END START ; for debugging 
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This chapter explains the functions and operation of the Mask-ROM memory. 
34.1 Overview of the Mask-ROM memory 


34.2 Mask-ROM Memory Control Registers 


34.1 Overview 


This chapter describes the main features of the Mask-ROM memory. The interface for the usage of Mask-ROM is compatible 
with the one for Flash memory. 
Main features 


The Mask-ROM memory supports the following features: 
m= Configuration of the Mask-ROM memory interface is compatible with the Flash interface. 


= For timing compatibility with flash devices the wait cycles can be configured by Memory Timing Configuration Register 
(MTCRA). 


m Two separate read buffers for code and data fetch for compatibility with Flash memory. The buffers can be either enabled 
(default) or disabled. 


m Code security (read protection) as for Flash memory. Please refer to ROM/Flash Security on page 713 for details. 


34.2 Mask-ROM Memory Control Registers 


This chapter describes the Mask-ROM Memory Control Registers. 


Memory Control Status Register (MCSRA) 


In the description below, the bit described in grey do exist in the Mask-ROM memory interface and indicate thus 
the compatibility with the Flash interface. In case of a Mask-ROM memory, those bits have no functionallity. 
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Figure 34-1. Memory Control Status Register A (MCSRA) 


SCYPRESS 
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Address: 
0003F1,, 


R/W R/W 


bito 


bit4 


bits 


7 6 5 4 3 2 1 0 
i 
R 


RDY ROM RDY status 


CRBE Code Read Buffer Enable bit 
| 0 | Code read buffer is disabled 
Code read buffer is enabled 


DRBE Data Read Buffer Enable bit 


Initial value 


ROM is ready 


} 0 | Data read buffer is disabled 
Data read buffer is enabled 
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Table 34-1. Memory Control Status Register (MCSRA) 


Bitmame emetic 


This bit is kept for compatibility to Flash interface. 
Only a read value of ’1’ is possible which indicates that the ROM is ready. 


bit 1 - bit 3 a Only available for compatibility with Flash interface but without functionallity. Any values can be writen 
here. 


This bit enables/disables the code read buffer. 

Setting this bit to ’1’ enables the code read buffer. A code read access from any address reads two 16- 

bit words, the one that is addressed and the neighboring one, such that the resulting two 16-bit words 
bit 4 CRBE are aligned to an even address. Both words are stored into a read buffer. A later CPU read access to the 

address of the buffered data will be executed without wait cycles. 

Setting this bit to ’0’ disables the code read buffer. Code is always read directly from the Mask-ROM. 

The initial value of this bit is ’1’ (buffer enabled). 


This bit enables/disables the data read buffer. 

Setting this bit to 1’ enables the data read buffer. A data read access from any address reads two 16-bit 

words, the one that is addressed and the neighboring one, such that the resulting two 16-bit words are 
bit 5 DRBE aligned to an even address. Both words are stored into a read buffer. A later CPU read access to the 

address of the buffered data will be executed without wait cycles. 

Setting this bit to ’0’ disables the data read buffer. Data is always read directly from the Mask-ROM. 

The initial value of this bit is ’1’ (buffer enabled). 


ors fe Only available for compatibility with Flash interface but without functionallity. Any values can be writen 
here. 


Always write "0" to this bit. 
bit 7 Reserved The read value of this bit is undefined. 
Read modify write operations to this register are not affected. 


Memory Timing Configuration Register A (MTCRA) 


In the description below, the bit described in grey do exist in the Mask-ROM memory interface and indicate thus 
the compatibility with the Flash interface. In case of a Mask-ROM memory, those bits have no functionality. 
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Figure 34-2. Memory Timing Configuration Register A low byte (MTCRAL) 


Address: 
0003F2,, 


6 5 4 8 Initial value 


7 2 1 0 


R/W R/W R/W 


bit2 bit1 bitO 
FAWC1 Access Wait Cycles 
0 wait cycl 


1 wait cyc 


2 wait cyc' 


3 wait cycl 


4 wait cyc' 
5 wait cycl 


6 wait cycl 


7 wait cycl 


Table 34-2. Memory Timing Configuration Register low byte (MTCRAL) 


Bitmame meio 


These bits define how many CPU wait cycles (CLKB cycles) are added at any read and write access 
: ; FAWCO to to the Mask-ROM. 
BLOSHie FAWC2 These bits must be set depending on the machine clock frequency and the other configuration bits. 
The initial value of these bits is "001" (1 wait cycle) 


, ; Only available for compatibility with Flash interface but without functionallity. Any values can be writen 
bit 3 - bit 6 here 


Always write "0" to these bits. 
bit 7 Reserved The read value of these bits is undefined. 
Read modify write operations to this register are not affected. 


710 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


Sa EMBEDDED IN TOMORROW 


Figure 34-3. Memory Timing Configuration Register A high byte (MTCRAH) 


Mask-ROM Memory 


Address: 
0003F3,, 


Initial value 
00000010, 


Table 34-3. Memory Timing Configuration Register A high byte (MTCRAH) 


Bit name po Function 


bit 8 - bit 15 fo] Only available for compatibility with Flash interface but without functionallity. Any values can be writen 
here. 
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This chapter explains the functions and operation of the ROM/Flash security. 
35.1 Overview of the ROM/Flash Security 


35.2 Usage of the ROM/Flash Security 


35.1. Overview of the ROM/Flash Security 


The ROM/Flash security is a feature to prevent that the content of the ROM/Flash memory is read-out in a way not intended 
in the application. 


ROM/Flash security features 


m Read protection feature to prevent reading out the content of the ROM/Flash memory when not intended in the applica- 
tion. Only internal user program that has been started in internal vector mode has access to the content of the ROM/Flash 
memory. The ROM/Flash memory cannot be read by: 


program activated by external boot vector fetch (modes 0/1/6) 
a external parallel flash programmer (mode 7) 


serial communication mode (mode 2) 
m_ Inall modes the internal Flash can still be erased. 
Separate protection of Flash A, Flash B, Data Flash A and Data Flash B. 


Unlock of read protection by 128-bit security key in serial communication mode, if configured. Security key can also be 
disabled permanently. 
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35.2 Usage of the ROM/Flash Security 


This section describes how the ROM/Flash Security is enabled and disabled and how the content of the ROM/Flash memory 
is protected against unintended read-out. 


Enabling the ROM/Flash security 


Figure 35-1. Configuration of the ROM/Flash Memory Security Byte 


Address: 

DFO000,, : MSBA (for Flash A and ROM) 
DE0000y : MSBB (for Flash B) 
OEFFO0y: MSBDA (for Data Flash A) 
OEFE00,,: MSBDB (for Data Flash B) 


7 6 5 4 3 2 1 0 


Flash memory security can be enabled independently for Flash A, Flash B, Data Flash A and Data Flash B by programming 
the Flash Memory Security Bytes MSBA, MSBB, MSBDA and MSBDB. In ROM devices, the security is controlled by the 
MSBA register only. 


When the content of MSBA is 99, then the Flash A or ROM memory is protected. If the content of MSBA is 66,,, then the 
Flash A or ROM memory is not protected. No other value than 99}, or 66,, should be written to the MSBA register. 


When the content of MSBB, MSBDA or MSBDB is 99y,, then the according Flash memory is protected. If the content of 
MSBB, MSBDA or MSBDB is 66,,, then the according Flash memory is not protected. No other value than 99), or 66, should 
be written to the MSBB, MSBDA or MSBDB register. 

Note: 


After erasing the flash, the value of all bits in flash memory is ’1’. Hence, when the Flash memory location of MSBA, MSBB, 
MSBDA or MSBDB is not written, the content of it is FF. In this case, the content of the Flash memory is not protected. 
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Unlocking the ROM/Flash security 


Figure 35-2. Configuration of the ROM/Flash Memory Security Unlock Key 


ROM/Flash Security 


Address: 


DFO0002, ... DFO0114: MSUKAO ... MSUKA15 (for Flash A and ROM) 
DE0002,, ... DEO011,4: MSUKBO ... MSUKB15 (for Flash B) 
OEFFO2,, ... OEFF11,44: MSUKDAO ... MSUKDA15 (for Data Flash A) 
OEFE02,, ... OEFE11,4: MSUKDBO ... MSUKDB15 (for Data Flash B) 


7 6 5 4 3 2 1 0 


15 14 13 12 11 #10 9 8 


7 6 5 4 3 2 1 0 


15 14 13 12 #11 10 9 8 


7 #6 5 4 3 2 1 0 


15 14 13 12 #11 #10 9 8 


wsumoars| | [| | | TT | 


7 6 5 4 3 2 1 0 


15 14 13 12 #11 #10 9 8 


wsuxoeis[ | [| [| [ | | I | 


A Flash or ROM memory which is protected (Memory Security Byte is 99}4) can still be read-out in serial programming mode, 
after an unlock key has been received by the UART which is used for programming. For details how to send the unlock key 
via the UART, please refer to application note MCU-AN-300213-E. 
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The unlock key is compared against the key stored in the unlock key bytes MSUKAO ... MSUKA15 (for Flash A and ROM 
memory), MSUKBO ... MSUKB15 (for Flash B memory), MSUKDAO ... MSUKDA15 (for Data Flash A) and MSUKDBO ... 
MSUKDB15 (for Data Flash B). If the received key matches the key stored in the Flash/ROM memory, the memory can be 
read-out by subsequent serial programming commands. 


When the unlock key value stored in MSUKAO ... MSUKA15/MSUKB0O ... MSUKB15/MSUKDAO ... MSUKDA15/MSUKDBO ... 
MSUKDB15 is all zero, the protection of the corresponding Flash memory can not be unlocked. For ROM devices this key 
value is not permitted. 


Note: 


Deactivation of unlocking key also prevents failure analysis of Flash contents. Feature to be used only if necessary. 


Disabling ROM/Flash security 
On mask ROM devices, the ROM/Flash security can not be disabled. 


On flash memory devices, the ROM/Flash security can be disabled as follows: 
m When starting in internal vector mode (MD[2:0] = 011,), the application program can disable the Flash security by 


a) 


changing the value of the Memory security byte to a value different to 99,, by writing to this Flash memory location. 
a clearing the value of the Memory security byte by erasing the sector containing this byte. 
a clearing the value of the Memory security byte by erasing the complete flash memory with the "Chip erase" command. 
m When starting in external vector mode (MD[2:0] = 000g or MD[2:0] = 001, or MD[2:0] = 1108), the application program can 
disable the Flash security only by 
q clearing the value of the Memory security byte by erasing the complete flash memory with the "Chip erase" command. 
m When starting in serial communication mode (MD[2:0] = 0108), the Flash security can be disabled by 
a changing the value of the Memory security byte to a value different to 99}, by writing to this Flash memory location 
after the Flash security has been unlocked. 


qg clearing the value of the Memory security byte by erasing the sector containing this byte after the Flash security has 
been unlocked. 


clearing the value of the Memory security byte by erasing the complete flash memory with the "Chip erase" command. 
m When starting in parallel flash programming mode (MD[2:0] = 111.) the Flash security can be disabled only by 


clearing the value of the Memory security byte by erasing the complete flash memory with the "Chip erase" command. 
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This chapter describes how to connect the MCU for in-circuit serial programming of the Flash memory. 
36.1 Basic Configuration of Serial Programming Connection 


36.2 Example of connecting a PC for programming the Flash Microcontroller 


36.3 Example of connecting a programming tool for programming the Flash Microcontroller 


36.1 Basic Configuration of Serial Programming Connection 


The MB96300 Super series Flash Microcontrollers support Flash ROM serial onboard programming. This section describes 
how to connect the Microcontroller to the programming equipment. 


Basic configuration of serial programming 


In a minimal system, the MB96300 Super series Flash micrcocontroller is connected via the USART in asynchronous mode to 
the RS-232 port of the PC. 


Figure 36-1. Connection between PC serial port to Cypress MB96300 Super series flash microcontrollers 


RS-232 port of PC Serial connection cable 


mJ ff 


MB96300 Super series 
Flash microcontroller 


For high speed serial on board programming, programming tools of different vendors can be used. For example, the Galep 
device programmer from CONITEC DATASYSTEMS supports Cypress MB96300 Super series Flash memory microcontrol- 
lers. 


Figure 36-2. Connection between CONITEC DATASYSTEMS Galep device programmer to Cypress MB96300 Super series 
flash microcontrollers 


Host interface cable . 
Cable connection between programmer 


[| and microcontroller 
In-system v MB96300 Super series 


Galep device . 
programmer programming Flash microcontroller 
adapter 


~~ 
Standalone operation (for Galep-5 or later) 
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Note: 
Please refer to CONITEC DATASYSTEMS for details about the Galep device programmer. 


Table 36-1. Pins used for Cypress serial onboard programming 


Pin | Function Additional information 


MbD2, MD1 iode-othe Controls the operation mode of the MCU. For details, please refer to chapter Boot ROM 
P program execution and Operation mode and ROM Configuration Block on page 165. 


Joscilaton pins = «dS programming tools require quartz precise timing of the MCU. For this reason, the 
on-chip quartz oscillator circuit must be used. 


Pan_m Communication handshakin Some programming tools require a handshake signal to speed up communicating with the 
9 MCU. Please refer to the datasheet about the port recommended for handshaking. 
RST =—si“‘(its*é*desetpin sY Some programming tools require to control the reset line of the MCU. 
Serial data input pin The USART is used for communication between the programming tool and the MCU. The 
F ; MCU detects automatically, which USART from a predefined set of USARTs is connected 

Setaldaa Supine to the programming tool. Please refer to the datasheet for the USART channel numbers 
Serial clock signal input pin that can be used for programing the MCU. 

c C pin This external capacitor pin is used to stabilize the power supply. Please refer to the data- 

P sheet for the recommended capacitance values and types. 


If the power is supplied from the user system, the device programmer power supply does 
Power voltage supply pin not need to be connected. In case the device programmer supply is connected, please 
connect so that the power supply of the user side is not short-circuited. 


GND pin Common to the ground of the flash microcomputer programmer. 


When the signals driven by the device programmer are also used for the user system, the control circuit shown in the figure 
below is required. The circuit enables or disables the programming connection depending on the state of a jumper. 


xo.xt———osetatonpns pins 


Figure 36-3. Connecting user circuitry to ports used for serial programming 


Programming tool MB96300 Super series Flash MCU input 
output A (Pnn_m, SINn, SCKn) 

Js 

° Program 

= 


User logic 


Serial data baud rate 


The MCU determines automatically the serial data baud rate as adjusted in the programming tool or PC running programming 
software. 
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Examples of Serial Programming Connection 


36.2 Example of connecting a PC for programming the Flash 
Microcontroller 


Figure 36-4 shows an example of the minimum connection to a PC to program the flash microcontroller. 


Example of minimum connection to a PC to program the flash microconiroller. 


For a minimum connection between a PC and the Flash MCU, only a USART in asynchronous mode needs to be connected. 
Please refer to the datasheet for an overview of USART channels available for flash serial programming. 


Figure 36-4. Example of minimum connection to a PC to program the flash microcontroller. 


Peon opal MB96300 Super series Flash MCU 


SOTn 
RS-232 


SINn 


User reset. ———____ RSTX 


le 


+ 


S77 
C 
S77 
MDO 
MD1 
MD2 
Device starts in A 
serial communication 
mode Vcc 
O oe 
j = = Vss 
7 7 S77 
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36.3. Example of connecting a programming tool for programming the 
Flash Microcontroller 


Figure 36-5 is an example of connecting a programming tool to program the flash microcontroller. 


Example of connecting a programming tool to program the flash microcontroller 


For high speed programming a device programmer must be connected as shown in the example below. Please refer to the 
datasheet for an overview of USART channels available for flash serial programming. 


Please refer to the datasheet to determine the port used for handshaking between the device programmer and the MCU. 


Figure 36-5. Example of a connection to a device programmer to program the flash microcontroller which is started in internal 
vector mode in the application. 


Pevice i er annet MB96300 Super series Flash MCU 
Connector 


SOTn 
SINn 


SCKn 


Pnn_m 


RSTX 
XO 


le 


+ | 


Xl 


In application, device LTT 
starts in internal vector Cc 
mode. == 


: 477 
MDO 


@ MD1 
\4 MD2 
17/7 
This diode is only 
needed when the 


device programmer 
supply is used. 


User power 
supply 
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The appendixes provide I/O maps, instructions, and other information. 
37.1 I/O Map of MB96V300 


37.2 Instructions 


37.3 Timing Diagrams in Flash Memory Mode 


37.1. I/O Map of MB96V300 


This appendix lists the addresses to be assigned to the registers in the peripheral blocks. 


37.1.1. 1/O maps of MB96V300 


Table 37-1. I/O map of MB96V300B 


| ee 
a $< ——<— 
foo00eh [0 PortP0a- Pot DataRegstor ———SC~*~“~*~*~*~*~diPORWSSCSC*~‘dC*‘“‘C;*‘*dWSC*C‘*d 
fo000aH [uo PortP06- Pot Dataessor ————SSSCSCS~S~S~S~wP Sid 
[0000 [0 PortPo4= Pot Dataogstor ————~SSCSCSCS~S~S~S~S«wP ow Sid 
[oo0005H [WO Pon'P0S-PotDataRegster ——=—SCS~*~S~«~iP OOS SCSCSC*dSC‘“‘CC*‘*dWSC*‘*d 
fooo008H [WO Pon'P06-PotDataRevster ——=—=SC~*~“~*~*~“~*~*~*~*~«*diPORO:SC~*~“‘d;*SC*‘“‘*‘*dWC‘*d 
foo007H [uo PontPo7- Pot DataRegstor ——SSCS~*~S~wP or SSS*dSSSCSCSC=id Cd 
fo000ah [0 Por P06 Pot Dataossor ——~SCSC~*~*~“~*~*~*~diP OW SSCSC~*~dCSC‘“‘C;*‘*dWSC*‘*d 
[00003 [0 Por P08 Pot Dataossor ————SSSCSCSC~*~S~wP SSCs 
fooo00aH [0 Fon P10 Pot Dataogsor ———~—SCS~S~S~S~S~sPSSdSSSSCid 
fooo008H [0 PontPr1 Por OataRegiter———~—SCSC~*~S~S~dP OK SSSC*dSSSCSCS~*~idr Cd 
foo000cH [0 PontPr2-PonDataRevster ——~=SC~*~“~*‘“*‘“*~*~*diPOV™=SC*“‘(;RSSO#*#*‘«*iaRW +i 
00000 [0 For Pt0-PotDataRessor ———SC~*~“~‘“~*~*~‘“‘~*~*~*diPOSCSC*‘(;*C*‘“‘*‘*dC‘*d 
fooo00eH [0 Pon Pt4-PotDataRogster ———SC~*~S~sP SSCs Cd 
fo0000FH [0 Pon PtS- Pot DataRogtor ——SSSCSCS~S~S~S~S~sP mts |i 
oe as a 
a a 
a 
foooo1AH [ADCO-DaiaRegsertow —SSCS~S~S~S~«w BRL CSSC*dABRSCidR Cd 
foooo1BH [ADCO-DataResserHigh ——~—SCSC~*~S~S~S~Sw RSC 
fooo01ch [AD00-Seting Regt ————SSSCS~S~S~<“S~S*~“~S*~*‘~dSS~dRCid i 
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Table 37-1. I/O map of MB96V300B 


ei eel eed 
CO 
00001 | ADGD- Extended Coniguaion Regiter———=SCS~*~S~S~wSEGR*d SC 
CO PS 
ooodeaH | FRTO-Detaregiterotteenumingtimer ————SCSCS~C~S~wCSCSC*~C~*~*«~dTOOTOCSCd CS 
oooh | FRTO-Daaregserofteeruminginer | |r 
oooo22h | FRTO- contol sas egisteroffeecumringtinertow ———~—~S~*ir@oste ———rocso ‘(rw —_— 
ooooesH | FRTO- conto siaus eit of feecumringtimerigh [resto | _————i(irw_— 
ooooesH | FRTI=Detareghterofreeruningtmer = SSSCSC~SCSSCSCSCSCS~diTT CSC 
ooodesh | ERT! Dataegiterofre-unningtmmer—————SSSSSSSSSCSCi SCT SC 
ooooe7h | ERT! conto siaus ister of feesurrngtimerigh ___—___[reose) | ‘(rw | 
oooozsH [Ocv0-OuipstGonare Conrolsisus ———SSSCSC*~S~wOCSSSSSC*dSSSSCSCSC~wd CS 
fooooeaH [OCU Outpt Compare Conrolsisus———SCSC~S~S~s SY «SC 
joooeat _[ocvo-compareReysier ———SSSCSCSC~S~‘“~S*~‘~S~CSSSCSCSCS~*idt POC 
Cr cS 
fooech _[Ocu1-compare Resse ———SCSC~S~S~“~S*~S*S*S*~S~CSCSC~CS~*~*~wdtO HC 
00020 [ocut-compareRegster———SSSCSCS~—SC~S~SCS~—~—~SCS~SSCSC‘~‘~“SSC*dr 
oo0o2eH | ocve- Outpt Gonare ConvolSius ——SCSC~S~S~S~sSSSCSC*dSSSSCSCS~wd CS 
o0002Fei [OCU Ouipst Compare ConfolSisus———~SCS~C~S~S~w SS SS*dSSCd 
ooocear [ocve-compareReysir ———SSSCSCSC~“~S*~‘“~*~*~wCSCS~wdtO RC 
fooaes _[ocua-compare Resse ————SSSCSCSCSCSCSSSCSCSSSSSC*dCSCid 
ooaae _[ocve-compareResser —=—SCSCS~C~S~“~*~*~*~*~wCSC~CS~*~*sdO RSC 
CN 
oooocst [OCU Outpt Gomare ConvolSiaus——S~S~S~wHSSCSC*dSSSSSSC*d 
fooooask | OCUS- Outpt Compare Conrolsisus——~SCSC~S~w SS S«d SC 
ooooast _[ocus-compareReysir ——SSSCSC~“CS~‘“~S*~*~wCS~*wd PC 
ooaeri _[ocus-compare essen ————SSSCSCSCSCSCSSSSSSC*dCSSSSid 
oooaaek [O0US-compare essen ———SCSC~S~S~“~S~S~S~wCSSCSCSCSCS~*wd RSC 
CN a 
oooccAH | Ocve- Outpt Compare onesie ——SC~C~S~S~wSSSSC*dSSSSSCSC*d 
o000a6H [OCU Outpt ompare ConrolSisus———SCSC~S~S~s STC 
Cer = 
ooodeok | ocus-compare ester SSC SC 
fooaaeH _[Ocu7-compare Reser ————SCSC~SCS~S~S~SsTSSCSCSCS~wd i 
Cr a 
o000%aH |IGUoIOUt-ConrolSius Regier ————SSSCSCS~S~S~w «SC 
foooesk _[lovotour-edyeregiter ——SSSSCSCSC~S~S~S~w SSC 
oo0oean _|IGU0- Capture Regsierlow ——SCS~S~S~SCSCS~S~s LO ——idrcro CRC 
oo0oeaH _[1GU0-Capiue RenserHigh ———SCS~S~S~S~S~S~w SCC 
ooooeaH _[IGUt-Captue Regterlow ———~SCS~S~S~s Yin RC 
ooooesh _[IGUt= Capture ReuterHigh ——SCS~C*~S~S~s SSC 
o00o%sH [IGUaTOUS-ConrolSisus Regier ———SC~S~S «SSC 
foooe _[lovaious-edyerogiter ———SSSCSCS~C~S~S~S~ es SS*dSSSCd 
ooooeaH [l0Ue-Capiue Regitertow ——~S~SC~*~*~*~*~s CK —=édO CRC 
ooooeaH _|IGUe- Capture RenterHigh —~SC~S~“~S~<~S~w SCC 
foods [lGU8- Capture Regiterlow —=S~S~S~C~S~S~s a =i CRC 
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Table 37-1. I/O map of MB96V300B 


fonder ——_[10Us-Captwe Regiterhgh ——SSSSCS~S~dPs S| 
fo004cH | 0UsiGUS. contol siaus Regiter ————SSSCSCS~S~S~Ssses Sid 
foooodoH _[icusncus-eagereaiter———SSCSC~“~“~“~*~“<~S*~diEWSSCSC“‘(CLO#*#*‘“‘dz WOC~C*d’ 
fooooseH [ICUs Capture Regstertow ——=S~C~“~*~*~‘“~*~*“‘~*~*~*~*dCPASCSC~*d Odd 
foooerH [ous Cape Regisorrgh ——SCSC~*~S~S~Ss ee dC 
foo00soH [CUS Cape Regstertow——~S~*~“~*~*~*~*~*~*~*i CS C=d crs 
foo0sit [CUS Captue Regsorhgh ——SSSCS~S~S~sd es id Cd 
foo00seh | 1CUBIGU7 - contol Stas Regier SSCS Sidi 
fossa _—[icusICuT-Eagereaiter———SSCSC~*~“~“~S*~*~diUWSSCSC“‘(™SCSC*‘*‘drSC*C*d 
fo00sH _[CU8-CeptreRegstertow ——=SC~*~“‘*~*~*“‘*~*~*~*~*~*dCLBSCSC*‘idOPSSCSCSC~idSSC*d 
fooo0sst [0U8- Cape RegsorHgh ———SCS*~*~S~S~S~S~w id Cd 
foo00seH _[0U7-Captwe Regstertow ———~—SCS~S~CS~w =i iC 
foooosr [Cur Cape Regisorhgh SSS Sid Cd 
[o000seh [EXTINTO- Extemalitrupt Grab Register SiS 
[o0006aH [ EXTINTO- External tort htenuptrequest Register ———SCSC~*~S~d RO SSSCdSSSSCSCSC~*~idr Cd 
f000seH [EXTINTO-ExtemalitoruptLovlSletHigh—~S~S~S~S~w Sid 
fo0005cH _[EXTINTT-ExtemaliteruptEnabe Register ————SSSSCS~S~s Tid 
o00050H _[ EXTINTT External itupttoruptroquestRegiter Siem | id 
[00564 [EXTINTY-Exterallteupt LevlSelectHigh ——SCSC~Ss Sid 
fo00eit [TO Timer Cont! Stas Regstorhigh ——=—SCS~S~s sid 
fo00eeh _[ LTO- Reload Regitor-forwiting ————SSSSCS~S~SsSS*d rid 
foo00eeh _[ TO- Reload Reistr-forreading —————SSSCSCS~SCSiSSSSSSC*d oid 
[o000esH _[TO-Retad egitr-forwiting SSCS SS Sid 
[o006aH [RLTO-Retoad Regterforredng ———SOSCSC~SC—C‘“—~SC*~‘“~CS*é‘iSSSCSC‘“‘“‘“dRSSCSC*C*C‘“‘drRCOC*d 
fo000est _[RT1-Tmer GontolSiausRegsiorhigh ——SCS~S~s se id 
foo00eaH [ATI Retad Regitr-forwiting ————SSSSCS~—S~S~Ss~iSSSCi md 
fo000eaH _[RT1- Reload Reistr-forreading ————SSSSSCSCS~SSSSSSSid mt dd 
fooooerh [TI Retad eitor-forwitig SSCS iid 
fooosrtt [RTI Retoad Regterforredng ———SSCSCSC~S~SCSCSCSCSsiSSSC*dSCSSCSC~idR*d 
[000eaH [Tater Cont! Stas Regsiorhigh ——=SCS~S~S~ seid 
fooosaH [Ta Reload Regitor-forwitig ————SSSSCSCS~S~S~sSSSSS*d reid 
fooosaH _[ RLT2-Retad Regitr-forreadng ————SSSSCSCSCS~SiSSSSCid eid 
fo00aeH [Ta Retad Registr-forwiting SSC Sid id 
fooo8H _[RLT2-Retad Regter-forreaing ——SOSCSC~—SCSC“—S~S~S~—iSSSSSCSCSC~‘iSCSCSSSCidR*d 
[00080H [RT9- Tor Cont! Sas Regbiorkigh ——SCS~S~S~ sid 
foo0seH [ALTO Retad Regitor-forwitig ————SSSCSCS~S~S~SsSSSi rs dd 
foo0aeH [LTO Retad Regitr-forreading —————SSSCSCSCSCiSSSSCid sd 
foo00eeH [RLTO-Retad Regter-forwiting ——S—SCSC~—SCSCSCSCiSSSSSC*dSSSSCid id 
foo00arH [Ta Reload Regitor-forreading SSS 
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foogeres | aegen | aseee 
}000071H __|RLT6- Timer Control Status Register High dedic. RLTYforPPG) | TcsRHe | RW 
}000072H | RLT6-Reload Register (dedi. RLT for PPG)-forweting | tt 
onoo72n | ALT Road Repo de FLT ior PPG) toreadng rs de 
000073H RLT6 - Reload Register =n RLT for PPG) - for writing a ee ee 
joooo7s __| LTS Reload Register dedic. ALT for PPG) forreading | | 
}000074H __|PPGS-PPGO-General Contiolregisterttow aN oNto RW 
}00007SH___|PPGS-PPGO-General ContiolregistertHigh fant | 
j000077H __|PPGS-PPGO-General Contiol register High CNH | RW 
joooo7sH _|PPGO-Timerregister | tro TR 
jo0007sH | PPGO-Timerregister 
}00007AH_ __|PPGO-Periodsettingregister | csr tw 
}000078H | PPGO-Periodsettingregister 
joo007cH | PPGO-Dutycycleregister row 
somon_[rRe0-ouy gowrepaer 
J00007EH __|PPGO-Controlstatusrevistertow NL PCN RW 
}00007FH __|PPGO-ControlstatusregisterHigh NO | 
joo0080H | PPG1-Timerregister | tr 
joooostH | PPG1-Timerregister 
loooea | Pro Peo eng oguar es 
ocoosat | P61 Pee seung rawr 
noosa | prci-buyeyse gsr rw 
jooooss | PPGY-Duycycleregiter 0 
jo00086H ___|PPG1-Controlstatusregistertow Pett ft RW 
}000087H | PPG1-ControlstatusregisterHigh PNY | 
lomoeot [rca Tmerrejoer ie 
eoossh [ree Tmeregser 
noosa | pra Peed seurgoguer aw 
jo00088H | PPG2-Periodsettingregister PP 
joo008cH | PPG2-Dutycycleregister | Pre tw 
joooosoH | PPG2-Duycycleregiter 
JooceeH | Pre conve saueegaarlaw pe ne 
ocoosr | pr Cone sus reger righ rc 
noosa |rca-tineregser re 
joooostH | PPGS-Timerregister 
}o000s2H __|PPGS-Periodsettingregister | css tw 
coos | PG0-Pafou sung ge 
jooooaaH | PRGS-Dutycycleregister rg 
cowsst_[rRG2-ouy goerepaee 
jo00096H __|PPGS-Controlstatusrevistertow NS PN RW 
}000097H ___|PPGS-ControlstatusregisterHigh S| 
}000099H ___|PPG7-PPG4-General ContolregistertHigh Sf oNtHY | 
ooossH | PPG. PPG General Comolepoer2High ecw | dw 
noose [rcs-tmeregser te 
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ee ome 
foo0e0H —_[Peca timers SSSCS~—Ss—sSCSdES dC 
foo0aeH _[PpG4- Period sctingeuter ———SSCSCS~SC~SC~S~iSSSSSCSC~*d dd 
foot [PRGA-Pefodecting epster————SCSCSC~“CSC~“‘~S*~*“‘~S*~‘“~SOSC‘C~S~rtSCti‘“‘~S*~*~*rSC*d 
fooookoH _[PPG4-Dutycjceregter———SSCSCSC~“~“~*~*~‘“<~S*é‘dtSSCS~S~dr TSC 
fooooath | Ppa4-Dutyoyceregter———SSSCSCS~—~—“~“~“‘~‘“~*~*~‘~sSSC“<~S~SCSti‘“C*~*S*~S~*wrSC*d 
foooksH | PPG4- Control stats regbiortigh Si id 
foooonst _[PpGS-tineregster——SSSOSCSCSCSYSid es 
foooonsh [Pees timers ——SSOSCSCSC~—SC“‘“—“—‘S*—‘S*~‘“‘“‘“‘“~<~<C~sSttC(Ct‘~*SOSCSC‘Cs~‘“~*rRSC*d 
fooook6H _[PPGS-Pefodsetingeaiter ————SSCSC~“~*~*~‘“~*~*~é~dCSC‘“~S*~*~*«~diCSSSCSCSCid Cid 
fooooarH | PGS-Porodsctingrenser ————SSCSC~SCSC—S~SCSC—~—SsSsiESSSSCSC‘—~‘“RSC‘“‘CSC*rSSC*d 
fone PPGS-Dutycjceregter ————SSCSCSC~S~“~S~S~*~*~é‘~dSSCS~d sd 
fooonsh | Ppcs-Dutyojceregter ———SSSOSCSCSCSSSSSCidCSCid 
[oo00ABH [PGS Control status regisertigh ——~S~*~S~«~dP Cid 
fooookcH [eCo-Bus SatusRevster ——SSSCSC*~“~*~*‘“‘*~*~*~*~*diSRNCSC“‘“‘CRSOS#*#*‘dir;#‘C‘C‘C‘*d 
foo00k0H _[1200-Bus ConsolRegsie ———~SC~“~*~“~*~*‘“‘~‘~*~*~*~*dCSCSC*“‘(;:;SCSC*dWSC‘*d 
[oo00AFH [1200 Tonbit lave adeoss RegistorHgh ——SCS~S~S~w «did 
foo008tH | 2C0-TenbitAdress mask Register High ——SCSCS~S~w «dCi 
fooooset | 2C0- Seven Save adress Register ———SCSC~S~S~dASSS*dSSSSSC=id Cid 
fo00est | 1200- Seven bitadcess maskReuter————SSSCSCS~S~S~w SO SSSdSSSSSCid i 
fooooest [l200-Daiaeuter—SSSCSC*~*~‘“~*~*~*~*~*diASCSC*dSCSSCSCSC~*~*~idr SCS 
fo00est | 1200- Glock GonsolRegiter ————SSCSC~C~S~“~S*~S~wcR S| Cid 
foooes [201 Bus Sats ogee ————SSSCSCS~S~Ssgm Sd SCid Cd 
fooo0g7H [01 Bus ConrolRegies ——~SCS~C~“~*~“‘“~*~*‘“‘~*~*dSCSC~*‘dC“‘“‘C*C*‘*diWSC*d 
foo0est [201 Tonbit lave adeoss RegstorHgh ———SSCS~S~sa did 
foooest [1201 TonbitAress mask Regitrigh ims id 
foov8cH [201 Seven Stave adress Regaior SSCS |i 
[o00080H [1201 Seven bit Adess maskRegter————SSCSCS~S~wY SSCs 
fooose [lect-DaiaRenster—SSCS*~“~S*~*~*~dASSSC*dTSSSSC=id CS 
foo0erHi [1201 bck GonsolRegiter ———SSCSC~“~*~“~*~*~*~diCYSCSC*“‘(;RSCS*dSCSC‘*d 
[o00coH [USARTO-SefalModeRegsior———SSSCS~S~S~Ss mw SS*dSSSCid Cd 
[o000G1H | USARTO- SefalGontolfegiter ——=—~SC~S~S~S~S~s Sc SSSdSSCid Cd 
foooocar _[USARTO-TeRogter SSCS —SSC*dSSSCSCSC~—id Sd 
foooocaH [USARTO-AKRegster ~—=~C~*~“‘*~*~<‘“<‘<‘~*diRORO”SCSC*C“‘R‘™SCSC“‘#UNCCN”C#C*dRSC‘*d 
foooocaH [USARTO-SefalSisus—=SC*~“~*~“~*~*‘“*~*~‘~*~*~*~*~dSSROCSC*“‘“‘CRLCSO#*#*#*‘da;WC~C*«d 
fooo0ceh [USARTO-Conioiom.Regkir —~=SCS~*~“‘~*~*~“‘“~*~*~*~*dECRDSC*C“‘(;RSSO#*#*‘«*dr;W+édi 
foo0csH [SARTO Ext. Situs Rogster ———=~S~*~“~*~*~*~*‘“*~*~*dSMSC*“‘“(;RCSOS#*‘*dS RW SC*d 
foo00c7H | USARTO- Baud Rate GenertorRegsertigh —=~*~“~*~*~*~*~*drBCKOCSC*‘;:*C*‘“‘“‘*‘*dWSC‘*d 
f000ceH | USARTO- tended Serial nierupt Roger ——~=SCSC~S*~S~s sR SSCdSSSSSCid 
Ce 
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pare ee ewer eed 
foo0gcaHi [USART! -Sera\wodeRegsior———SSSS~S~S~s | 
o000ceH | USART!- Sera Gontol Register ——SCS~S~S~S~S~s Sid 
fo000ccH [USARTI-TxRegster ——SSSCSC~“~*~“~*~*~“<~S*éidtOMSCSC“‘C‘SLCNS#*C*‘“‘(#SC&*tWSCOC‘(’ 
foc [USART!-AKRevster———=SCSC~*~“~*“‘*~*‘“‘“‘~*~‘~*~*dRORYC“‘CSYLCSO#*#*#*‘daRSC*‘*d 
0000 [USARTi~Sefalsitus—SC*~“~*~“~*~*~*~*~dSSMCSCSC*“‘“(;RTSO#*diWSC*d 
o000cEH [USART! -ConioiGon.Ragsier ——=~S~*~“~*~*‘“*~“~*~*~*dECTCSCSC*C“‘(;LTO#*‘*diéaWC~C*d 
oo00crhi [USART! Ext. Siaus Rogar ———~—SCS~*~S~<S~w som id 
[00001H [USART! -Baud Rete Generator RegserHigh ——~=~*~“‘~*~*~*~*~*~idBNSSCSCSC*dSCSSSSSCSC~=id Cd 
000002 [USART1-Eendod Sel nerupt Renter ——=S~*~<~*~*~*~édESIMG:=SCSC*‘d*SC*‘“‘“*‘*dWSC*C‘*d 
Ce ee 
0000s [USART2 SoialwodeRegsier ———=SC~*~“~*~“‘~*~*‘“‘“‘~*~*~idSRSC*C“‘dRCSSC*‘*‘d WSC*d 
00000sH | USART2- Sera Gontol Register ——=SCS*~S~S*~S~sS «did 
o000o6H _[USART2-TxRegster ———SSSCSCSCS~S~SCS~C~SCS~S~i TR SSS*dESSSSC~id 
000006H [USART2-AKRevster —=~=~*~“‘~*;*;*™*~«~d~RORe=~=~=~=“‘dtS*~“‘*‘“‘*drSC*‘*d 
00007H [USART2-SeralSisus——=S~*~“~*~*~‘“‘*~‘~*~*~*~‘“‘~*~*~*~*~dSSRA™SC*C“‘CO#*#*‘*dWSC‘*d 
000008 [USART2-ConioiGon.Ragiier ——=~=S~*~“*‘“‘*‘“‘~*dECCRA™SC*“‘C;LSO#*#*;*‘«di aw C~é*d 
0000s [USART2- Ext. Sus Rogar ——=~=~*~“‘*‘“*‘“‘“‘*dESORSC*“‘(;RSCSOC#*#*‘~‘ds =‘ WSC~=*«d 
000008H [USART2 avd Rate Generator Regstorhigh Sgn 
[00000 [USART2- Eended Sel erupt Register —=~=S~*~*~“~*‘“~*~*~*~*dESIR®=SC*~*‘“‘dt*SCS*~i a wSC*d 
Cc 
00000EH [USARTS Sofa\wodeRegsior ———=SC~“~*“‘~*‘“‘“*~idSRSC*“‘C*dCSOS*‘diz ‘Ww SC*d 
o0000FH# [USARTS Sera Gontolfegiter —=~S~*~“‘~*~*~*‘“~*~*~*~*~*~dSCRGCSC*“‘C*dSO#*‘«d aw CSC~C*«d 
fo00eon _[USART-TeRegster——SSSSCSCS~S~S~‘“~S*S~S~ TOR SSC*dESSSSCid Cd 
f000e0H [USARTa-AK Rogier ———~—SCSCSC~S~“~S*“‘~S*~*~d ROR SCSCSC*~SCSC‘“‘*SC*dRSC*d 
[01H [USARTS-Sera\Siaus——~S~*~“‘*~*~*“‘“‘~*“*‘“‘~*~*~*~*dSSRSC*C“‘CSCSOC*#*‘*dWSC*d 
[00062 [USARTS-ContoiGom Regier ——=S=S~*~“‘~*“‘*~*‘“‘~*~*dECRSC*C*“‘C_SO#*#*‘«déaW~é«d 
[0003 [USARTS-Evt. Sus Register ———=~SC~*~“*‘“‘*‘“‘“~*dESORSC*“‘(;RTSO#*#*‘«da=W~é«d 
fo00es [USARTS Baud Rate Generator Regstorhigh Ss Sid 
[0006 [USARTS- ExondodSoralnerupt Register ——~—S~S~S~s ing STC 


0000E7H- 
OOOOFOH- 


}000100H __|DMAO Buffer addresspointeriowbyte BAL] RW 
}O00101H | DMAO Buffer address pointer middie byte APM | RW 
}00102H | DMAO Buffer address pointerhigh byte BAPHO |W 
}00103H | DMAO-DMAcontrolregister, fas | 
}000105H___ | DMAO-VWOrregister address pointer high byte tH |W 
}000107H | DMAO-Datacounterhigh byte fH |W 
}000108H | DMA Buffer address pointerlowbyte BAL | 
}000108H | DMA -Butfer address pointer middle byte APM | 
}00010AH | DMA Buffer address pointerhigh byte BAPHY |W 
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Se ee ee 
foooioeh _[DWAI-DwAconiolenter————SSSSCS~S~S~S~s AST S| 
[000100 [DATO register adress poitertigh bye —~—~SCS~*~S~sd wT SSCid 
fooo10eH [DWAT=Datacouneriwbye——SSCSCS*~*~S~sNSSC*dt Cid Cd 
foo1or [wat Daiacountertigh bye ———SSCSC~S~S~s «Cid 
foottan [DWA2-Bufer address ponteriwbyio——SCSCS~S~s «Sid Cd 
foortth [DAB Buferadéress pointer midebo———SSCS~S~S~w didi 
foortan [DAB Buforadiresspontrhigh bt ———~SCS~*~S~S«w eid 
foots [DWA2-DMAcontolregter——=SC~*~*~*~S*~drACSSSCSC*‘ditC*‘“‘CCCC#*#‘*dWSC*C‘*d 
foortsk [DAB Oregisor acess potertigh bye —~SCS*~S~S~sd Sid 
foorr7 _[DwA2-Daiacountertigh bye ——SSCSC~S~SCS~S~s Sid 
foorter [DAS Buf address ponteriwbyio SSS did 
foottak [DAS Buferadiesspontermidde byte —=~S~C~S~S~ PS SSCdSSSCSCSC=id Cd 
foooria  [DMAS-Buferadiesspontertigh be ——~=S=~*~“‘~*‘“‘*‘*~*dBAMGSC*‘“‘dR*SC*~iS RW CSC*d 
forte [DMAS-DMAconioiegster———SSCS~C~S~s SSCs 
food [DAS lOregisor adress poiterigh bye ——~—SCS~S~S~S~S~Ss ns id 
foortF#  [DWAS-Datacouterigh be ——~=~SC~“~“~*~“~*~*~*“<~*diSSSCSC*‘dtSC*‘“‘CNC#*‘*dWSC~*d 
fooot2oH _[DMAG-Buferaddessponteriwbyin——=SCSC~*~“~*~“~*~*“‘*~*~*~*BAMA=SC*“‘dCSOS*‘*dWSC~*‘*d 
fooreit _[DwAS- Buferadiess pontermiddebo—=—SC~*~*~S~S~s Sid 
fore [DAS Buforaddresspomtrhigh bye ——~SCS*~“~*~“‘~*~*~*dBAHSCSCS*C*~dtC*‘“‘SC*‘*dSSC*C‘*d 
foootesH [DAs DwAconiolrenitor———SSSCSCS~S~S~s aid 
foooest [DAA lO register adress poitertigh bye —~=~SC~*~S~S~r «Sidi 
footer [DAs Data countertigh bye ——SCSC~S~S~S~s Sid Cd 
forest [DAS Buf address ponteriwbyio——=SCS*~S*~BSSSSS*dSSSSCSCid Cd 
footeah [DAS Buforadtress poitermidebo———SSSCSCS~S~s Sid 
foootea [DAS Bforadresspomtrhigh byte ———SCSCS~S~S~S xs id 
fooo1ep [DWAS-DMAconiolregster——=SCSC*~S~S~S~ ACS S*dSSSCSCS*~*drC*d 
fooot20H [DAS lO register adress poitertigh bye ——=SCS~S~*~S~w id 
footer [DAS bala countertigh bye ——SSSSCSCSC~S~S~S~is Cid 
[001soH [DAB Buf address ponteriwbyio SSCS did 
foots [DAB Buferaddess pointer middebyts—~SC~*~*~S~BPSSSCSCSC*dtSC*‘“‘“‘*S*‘*dWSC*C* 
foootseH [DAG Buferaddesspontertighbto——=S=~*~“‘*“‘*‘*~*dBRHG*=C*‘“‘dt*S*‘~dzaSC*C* 
foootsaH [DAB pwAconioireuster———SSSCSC~S~S~s SSCs 
[0019sH [DAB lOregisor acess poiterhigh bye ——~SCS~S~S~S~Sw ns id 
foora7i [DAB Data coutertigh bio ———SSCSCSCS~S~S~s cr dCi 
foootgs [DAT Bufer address ponteriwbyie——SCS~Sw ML SSCdSSSCS~id Cid 
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eee aera ed 
f00i3eH [OMA Butler adress porter midtobyte iam | 
[013A | OMA? Ble adress porter igh bye ————SSSSSSCS~s |i 
oooh [OMA DwReonvtrenster dnc 
[o0013cH | OMA VO register address porieriwwbye——SSCSCS~S~S~SOL sm i 
[00730 [DMAT-VO register adress pontertigh bye ———SSSS~S~s id 
[o01seH | OMA?-Datacounteriowbyte——SSSSSCSCSCS~S~S~s sdf 
[0013eH OMA? Data counter high bys ———SSSSSCSCSCS~S~S~s i 
[000140H | OMAB Bul adress poreriowoyle SSCS |S 
foor4iH | OMAB- Bul adress porter mislebyto————SSSSCSCS~s P| 
fo0014eH | OMAB- Ble adress potter igh byte ——SSSSSSCS~S~S~w |i 
[001434 OMAS-DMAcontolregter———SSSSCSCS~S~S~w SC 
[000145H | OMAB UO reister adress pomternigh bye —SCSCS~S~S~S~S~w a i 
[00147 | MAB Data courtrhigh bts ———SCSCS~S~S~CS~«w TC 
fo0014aH | OMAG- Buller adress potter owbyle———SSSSCSCS~S~S~S~s |i 
000149! OAS Bul adress porter miatobyto SSS 
[00014AH | OMAG Ble adress porter igh bye ——SSSSSSCS~S~S~S~S~w 
[00148H [OMA DMAcontolvegter _——=SCSCSC~C~S~S~ SC 
[00140H | OMAG- 0 reistr adress pontertigh bye ———SSSSCSCS~S~S~Ss 
[0014eH | WAG Data counter high by) ——SCSCSC~S~S~S~S~s 
[000150H | ONAIO- Butler adress portriowbyie SSCs HTC 
[00%5iH | OMAIO~ Ble adress pointer middobyto——S—SCS~S~S~w dC 
000%52H | OMAIO- Ble adress pointer high byte———S~S awd 
[0015aH [MAIO DMAcontlvegiter——SSCSCS~S~S~ SHC 
[0001554 | OMAIO- VO register adress ponternigh bye Sw 
[0001574 [MAIO Data counter nigh bya ———SCSCSCS~S~S~S~s dC 
[000168 | OWA Butler adress poiteriow bye SSCS |S 
foosaH | OMANI - Butler adress poner middle bye ———SSSS—~dm | 
[015A | OMANI - Butler adress ponierhigh bio ————SSSSCS~S~S~w BN 
f0056H [OMANI DMA contolvegster———SSSSCSCSCS~S~S~S~w S| 
[00150H | DAT - VO register dees porter nigh byt) ———SSSSSCS~sd 
[o0015#H OMANI -Datacourterhighbyto——SSSCSCS~S~S~S~S~s 
foo16oH | OMAT2- Buller adress poitriowbyio———SSSSCSCS~S~S~s |i 
fo0i6it | ONATe Buller adress porter middobyts———SSCS~S~S~S~S~Ss a | 
00162 | OMA Ble adress pointer high byte ————SSSSS~S~S~w | 
[00163 [ONAI2-OMAcontolregster_——=SSSCSCS~C~S~ SHC 
[000165 DNA VO register adress ponterhigh bye ——SCSCS~S~S~Sw | 
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a ae ed ee 
fooreri —_[DwAI2-Dalacounertigh bye SSCs | 
fooieah [DAIS Buferaddesspomteriwbyio——SSSSCSCS~S~S~s Lg |i 
[oa [DATS Buferaddesspontermiddebyis—~S~*~*~*~*~S~«~rB PS SSC*SSSCSCSCS*~*~drSCC*d 
fooo1gaH [DATS Buferaddressponterigh bie ——=S~C*~“‘*‘“‘*‘*~*dBRHG:=SCSC*‘dtC*“‘“‘CSC*‘*dWSC*‘*d 
cores —_[OWATO-OMAcowtregser onc | rw 
foo1ecH [DAIS VOregsioradiess oiteriow be ——~S~*~S~«w =m Sid 
[00160 [DAIS VOregisor adress poterhigh bye ——SCS~S~S~sn Sid 
[oo016&H [DATS Data countertigh fo ——~—=~C~“~“~*~“<~*~<*~<~S*~*di TS SSCSC*dSSSSSCSC~id Cd 
[0170 [DMAt4-Buferaddressponteriwbyin—SCS*~*~*~dB AMMA SSCSCSC*dSCSSCSCS*~*~idrSC*d 
fooi7i _[DMAt4- Buferadiress pomtermiddebyo——=SCS~*~S~s didi 
fooi7en [DMAI4- Buferaddesspotrhigh byte ———~SC~S*~S~ Cid 
[0017s [Data DMAconioleutor———SSSCSCS~S~S~S~s ase i 
[0017sH  [DMAt4-UOrexisier adress poitertigh bye —~S*~S~d SSCs 
fooi7ti [DwAI4-Dalacountertigh bye ——SCSC~S~S~S~s Sid 
[0017eh [DAIS Buferaddesspomteriwbyio——SCS~S~Sw Sidi 
[0017aH [DAIS Buferaddesspomtermiddebo———SSCSCS~S~S~s aS id 
[o017aH [DAIS Bferaddesspomtrhigh byte Sins did 
foo017eH [DAIS DMAconiolegter——=S=SCS*C~S~S~S~ CST CdSSSCSCS*~idrC*d 
sono |OUAS-VOnnsrasinspanetinene ows | dr | 
a a a a a 


000180H- 
00037FH CPU - General Purpose registers (RAM access) GPR_RAM a 


a 
foosees [DAB itorptsolet ————SSSCSCSCS~S~SCS~s see? SECs 
fo00seaH [DAS Itorpt select SSS sets SECs 
food [DwAG=hteruptselet ——SCSC~“‘“~*“‘“‘*‘“~*~*~*diOSEASCSC“‘“(;R™SCOS*C*~*dRWSC~*d 
fo009esH [DAS htenptselect ———SCSCSC~“~“~*~*‘“‘~*~*~*~*~*SSSSCSC*C*‘dSC‘“‘C*C*‘*dWSC‘*d 
foo0seet [MAB itomptsolect ———SSSCSCSC~S~“<~S*~“~*~*~*~*~SESSSC*dSSSSSCid i 
foo0se7s [MAT itenptsolect ————SSSCSCSC~S~S~CS~wse? didi 
foooseah [DAB itorptsolet SSCS sedi 
fo00aeaH [DAB Itorpt select SSCS SECs 
fooossa [DATO iterptseleh ———SCSCSC~“~S~“<~S*~«~di SEI SCSC*dSCSSCSCSC~*~idSC*d 
foooseH [DAT -ieruptselet ———SSSCSCSC~“~*~*~‘“~*~*~*~*SESSC*dSSCSC~*~*~idrCSC*d 
fooogech _[DWAI2-Itomptsolect ———SSCSCSC~S~S~S~ ELI SSCd|SSSSCid i 
[0080 [MAIS itomptsolect ———SSSCSC~S~S~S«~ ELIS S=dSSSSSCid id 
foogseH _[DwAt4=itorptsolect SSCS | id 
[009s [DMATS-htemptselect ——SCSCSC~C~“~“<~S~S~«~iESSC*dSSCSCSC~*~idrCC*d 
fo09etH [DWA- Status register tghbyts——~SC*~*~“~*~*~“~*~*~*~*~*~*dSSCSC‘“‘“(;SCS*dRWSC*d 
foo0geah _[DMA-Stop stats egsiorhightyfo———~—SCS*~Sw sid 
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sane ea aera eed 
000996H [DMA Enablregiterhighbyio———SSSSCSCSCS~S~S~s id 
Ea 
Sr 
fooogAe [Iniruptvecortbie base regtertow SSCS TCC 
oo0sAeH [Interuptvecor table bese esisterHigh ——~SCSC*~S~S~TRSSC*dSSSSSCid Cd 
Ec 
o00sAs [Non Maskabentorptcogiter SSS 

a a 
fooosacH | E0SUcommunicaton niuptsstciontow ——=~=~=“‘*‘“‘*drOUSC*~*«*dzeOe Cid 
[0008ADH [DSU commuricatoninieruptselecion igh ——=~=S~S*~*~S~S~dOSHSCSC*dSCSSCSCSCS*~idrSSCCS 
o0sAc [ROM minorconrolegiter ——SSSCSC*~C~<~*~*~d «Sid 
foogarH | EDSUconiguaionregiter ——=—SC~*~“~‘“~*‘“*‘~*~*~*~*~*dEOSCSCSC“‘CSYLCOC#*‘*;*‘*dWCSC‘*d 
000960 [Memory patch conrolstausegatrehon————SCS~S~SSSSSCSC*d id 
o009etH [Memory pach conrostaus regiterchon S| i ir 
[00ae2H [Memory pach conrolstaus regiterch2@——~—~S~C~*~S~S~S~StCiti<“<S*~«~drCSCSCidi i 
foo0aeeH [Memory pach conrostaus regiterch2e——SSSCSC~S~—C~—iSSSSCSC“C~‘iCSC*C“‘“~*~*‘idrWSC*d 
0009e4H [Memory pach conrolstaus regatrch as —=S~*~“~*~*~‘~*‘*~*é‘dtCSC*C“C~*~‘~*diCSCSCSC*idi TC 
o009est [Memory pach conrolstaus regatrch as ——SSSCSC~SCS~—‘iSSSSSCSC~‘“CSCS~S~sdr CS 
o00ae6H [Memory patch conrolstaus regatrch a? ———SSCSCS~S~S~iSSSSCSCSC~*d sid 
000087H [Memory patch conrlstaus register? —————SSSSSOSC~iSSSC*dCSid 
o00aeeH [Memory Pach uncon Patch adress low ——~=SCS~*~S~drALSSSC*dSSSCSCSCS*~idC 
fo0aeeH [Memory Pach uncon Patch adress omigale ——~=S~*~S~drP RO SSCdSSSSCid 
fo00geaHi [Memory Patch uncion Patch adress orih ———SCSCS~S~S~wd aid 
o009esH [Memory Pach ncion Patch adress tow ——SSS~S~S~s Pw Tid 
o0098ch [Memory Patch uncon Patch adress t migale——S—SCS~sd x id 
000980H [Memory Patch uncon Patch adress thigh ——SSSSS~id wn id 
[0038eH [Memory Patch uncon Patch adress 2low ——~SCSCS~S~«wPM Cid 
[00098FH [Memory Patch uncon Patch adress 2migale —=~S~*~*~S~dP Cid 
o009coH [Memory Patch uncon Patch adress 2hih——S~*~S~d wid 
o00actH [Memory Patch ncion Patch adress slow ——S~S~s Pw Sid 
o009caH [Memory Patch ncion Patch adress @migale ———~—S~S~sd awe id 
o00gcsH [Memory Patch ncion Patch adress shih —————S~id as Tid 
[00caH [Memory Pach uncon Patch adress slow ——~—SCS~S~w PL Tid 
0008csH | Mermory Pach uncon Path adress amide ——~—S~*~*~S~d Cid 
o00accH [Memory Patch ncion Patch adress righ —=—SCS*~*~S~w a id 
fo0gc7 [Memory Patch ncion Patch adress ow ——~—SCS~S~s ws Cid 
o00acsH [Memory Patch ncion Patch adress Smigale ————S~id ras id 
o00gcsH [Memory Patch uncon Patch adress Srih—————SSS—~i rans | id 
[009caH [Merry Pach uncion-Patch adress low —~=S~*~S~S~dP WL SSCs 
0008c8H [Memory Pach uncon Patch adress 6 middle —=~*~*~S~drP Cid 
f00ccH [Memory Patch ncion Patch adress bhih—S~S~S~S~S~w ww Cid 
009c0H [Memory Patch ncion Patch adress 7low ——S~S~S~S~w Pdi 
o009ceH [Memory Patch uncon Patch adress ?migale———S~sd Paw |i 
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ee ree |e 
foscrt# [Memon Patch uncion- Patch address 7high Sian |_| 
on0901H | WenowyPachincion-Patnasowigh drow 
[00302 [Memon Patch uncion-Patchdata Low ——~=S~S~S~S~«~ OLN SSC~«d SCC 
onos0oH Women Pach ren Paenceargh drown dw 
[o0g0sH [Memory Patch uncion-Patchdala@Low ——~=S~*~S~S~wd OL —=i id 
f0030sH [Memory Patch uncion-Patch data High ——~SCS~S~S~wP wei 
[000307 [Memory Patch uncion Patch data High ——~=~*~S~ OH SSC*dCSSSSCSCSC*id Cd 
f0030sH [Memory Patch uncion-Patchdata4vigh——~=S~S~w id 
[00308H [Memory Patch uncon Patch data igh ———S~S~S~S~s id 
[000800 [Memon Patch uncion Patch data igh ——~=~*~“~*~*~*~*~*~*«~dzOSSCSCSC*dtC*‘“‘“‘SC*‘*dSC*C‘*d 
f00g0FH# [Memory Patch uncion-Patch data High —SCS~S~S~w OSs 
Se ee 
ee ee Ca ie 
a 
a 
a $f 
fooodoes | Oock Stabtsaionsoechegiter SSCS |i 
fooowoaH [lock mantorregsier ——SSCSCSC~C~S~“~S*~S~S~i CR CdESCidR CCS 
fooodost | lok FrequnoyconreuterHigh ——~SCS~S~Sw rid 
fooeo7 | PLLconioiegterhigh SSS |i 
[o0040ah [RC cock timercontolvogater ———SCSCS~S~S~s co did 
[0409 [Main clcktimercontolegter———~SCS*~*~“~S~“~S~S~TRSSC*dSSSSCSC~id id 
fooodoaH | Sub cock timer contolvegter——~SCSC~“~S*~‘“~*~*~*~*~*~d SCR SSC*dSSCSCSCSC~id Cd 
fooo4oeH [Reset cause and cock situs regierwih deartncion —~—=idicosmo Sd SSCid Cd 
foeoch [Reset coniguatonregsir ———SSSCSCS*~*~iRSSC*dTSSSSCSC~id Cd 
o00400H [Reset cause andciockstausveuiter ————~—SCSC~S~S~S~S~icA CEC Cd 
et ee 
ae —___ 
ee a Se a 
foo04i7 | Glock ouput coniguaionegtort —~SCSCSCS~Ss cm did 
fooosisH | lock Modiaorcontolegster———~SC*~“~“~*~*“~*~*~*~*~‘~dORSCSC*“‘d‘*SC*‘“‘“‘*‘*dRWSC‘*d 
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a 
A 
a ee 2 ee es 
a 
ee 
== 
foooeset [lO Por P02 Data Drecion Register ——~S~S~S~w OO SSSdSSSSSCid Cd 
fo0seah [lO Por P08 Data Drecion Regier ——~=~*~*~“~*“‘*“‘“~*«~dzOOOGSSC*~“‘ditC*C*‘“‘“‘*dWSC*C‘*d 
[00seet [JO Pon Po4-DataDrecion Regier ——=~=S~*~*~*~“~*~*~*~*~*~«~diOOROSSCSC*~‘dC*‘“‘C;*‘*dWSC*C‘*d 
o00easti [lO Por POS Data Drecion Register ——=~S~S~*~*~“~*~*~“‘~*~*~dOOSSSCSC*~‘dSC*‘“‘C*‘*dWSC*C‘*d 
o00%9et [lO Por P06 Data Drecion Register ———=~=S~*~<“~*~“‘*‘“~*~“*~*~*dOO:SCSC*~*~‘d;C*SC*‘“‘“*‘*dSC*C‘*d 
oo0es7hi [lO Por P07 -DalaDrecion Register ————~—SCS~S~S~s did 
o00daahi [lO Por P08 Data Drecion gator ————~—SCS~S~S~w Sd Cid 
[000499H [lO For P00 -DalaDrecion Regier ——=~S~*~“‘*‘“*“‘*~*dzOOOSSC*~“‘“i;*SC*‘“‘“‘*dRSC*C‘* 
[00ceat [IO Por P10-DalaDrecion Regier ——=~=S~*~“~*“‘*~*~*~*~*~*dOORNSCSC*~dC‘“‘C#C#‘*déWSC‘*d 
00498 [lO Pon Pit -DataDrecion Regier ——=~S~*~*~“~*~*~‘“~*~*~*dOORSCSC*“‘“(;*SC*dSC*C‘* 
f004ach [lO Por Pt2-DalaDrecion Register ———=~=S~*~“‘*“‘*‘*~*‘“‘*~*dORKSC*C*“‘(;*SCSC*~i a CSC*C*d 
000400 [lO For P16 Data Drecion Register ————~S~S~w mn SS Cid 
o004seH [lO Por Pi4DalaDrecion Rgster ———~—SCS~S~S~S~s SiC 
[004aFH [lO Por P15 Data Drecion Regier ——~—=~S~*~“*“‘*“*~*‘*diOONSSCSC*C*“‘“(;*C*‘“‘*‘*dWSC*C‘*d 
nl a 
a a Se 
fooossaH [0 Ponoo-PonlnpaGrebieRegair ———~=~S~*~“‘*‘“‘*~*~*~*diEROO™CSC*‘“‘(LUSO#‘~dza~‘W~+*d 
fo04sH [lO Pon Pot-Por Input Eneble Regier ———=SCSC~*~*~*~*~*~*~*dERN:=C*‘“‘(RTSO#*#*#*‘«déaW +s 
fooeeet [0 Por Poa Por input Enable Register ——=SCS~*~*~*~*~*~*di ER ~SC*~*~‘dtCS*~‘~*~‘~*‘idSC*C‘* 
fooeerHi [0 Por P08 Por input Erabe Register ———=SCS*~*~*~S~*~S~di Rs ~SSSSC*iSSSSCSCSC*~*~id CS 
foooeesh [0 Por Pot Port Input Enabe Register ———~SCSC~*~S~w eno did 
fo004eah [0 Por POs Port Input Enable Register ———SCSCS~S~S~w ens didi 
fooossaH [0 Por Pos Port Input Enable Register ——~=SC~*~“~*~“~*~*~*~*~diEROS:~SC*~“‘“‘;:*SC*‘*‘~d a SC*C* 
foooss8H [0 Por Po7 Por input Enable Regier ———=SC*~*~S~S~d Rr ~SCSSC*dSSSCSCSCSC=id Cd 
fooossch [0 For P08 Por inpt Enabe Register ———=SCSC~*~*~S~di Rs SSSCdSSSSSCid i 
[0440 [0 For P08 Por Input Erabe Register ———=SCSC~*~S~S~di eR ~SSSCdSSSCSCSCSCid TC 
foooweH [0 Por P10 Por input Erabe Regitr ———SCS~*~S~s eo SSCs 
foooeer [0 Por P11 Por put Enable Regier SSCS SiC 
fo0dso [lO Fon Pr2-Por input Enable Register ——~SC*~*~“~*~“‘*~*‘~*‘idrERTA™=SC~*“‘“(;™SC*~d RW SC~«*d 
fo0ds1H [lO For PY6-Por input Enable Regier ———=SC~*~“‘*~*~*~*~‘dERS:=~C*“‘“(;*SC*~i aw CSC~C*d 
fooodseh [0 Por Pt4-Portnpt Grab Register ———=SCS*~*~“~*~*~‘~*~*~*dER~SCSC*C*~*~dCSC*‘“‘“‘*‘*dSC*C‘*d 
fooo4sah [lO Por P18 Por Input Grab Register ——=SCSC~*~*~“~*~*~*~idERSSCSCSC*~dCSC*C‘“‘*‘*dSC*C‘*d 
west [rorenPs: Pont sreReaser —fnemig P 
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Eas 
ee he — 

reso [v0 Fo Ft -Poe wp Lael Ragnwr rs r 
Joo04sAH [VO Port PO2-Port InputLevelRegister Poe =| 
}o004sBH [VO Port POS-Port InputLevelRegister feos | 
Joo45CH | VOPortP04-PortinputLevelRegister ROA | | 
}00045DH___| VO Port PO5-Port InputLevelRegister Puno | 
QO045EH | VO Port POG -PortInputLevelRegister RO |W 
QO045FH | VOPonPO7-PortinputLevel Register eo? | RW 
Q00460H | VOPort POS -PortInputLevel Register to] RW 
Qo0461H | VO Port PO9-PortInputLevel Register RO | RW 
goodezH _[vOPortPiO-Port nputLevelRegister fru | it 
o00465H EE cc en 
ooo466H | VOPort Pt4-PortInputLevel Registre | RW 
000467H WO Pon P16 PertheutLevl Register fous | tw 
o00469H 
—_—— a 
EPILROO 
SO 
}o0046EH [VO Port PO2-Extended Port inputLevelRegister Ss fePLRO? | 
Jo0046FH [VO Port POS-Extended Port InputLevelRegister PROS | 
}000470H [VO Port PO4-Extended Port inputLevelRegister PRO | 
Jooo471H [VO Port PO5-Extended Port inputLevelRegister PROS | 
joooa72H [VO Port POS-Extended Port inputLevelRegister Ss fePLROG | 
}o00473H_ | VO Port PO7-Extended Port input Level Register PROT, S| SRW 
}o00474H [VO Port PO8-Extended Port inputLevelRegister if ePROB | 
}000475H [VO Port PO9-Extended Port InputLevelRegister PROG =| 
Jooo476H [VO Port P10-Extended Port inputLevelRegister fMRI =| 
}000477H_ [VO Port P11 -Extended Port InputLevel Register sf ePRIT | 
joooa76H [VO Port P12-Extended Por InputLevelRegister fe? | 
}o00479H | VOPortP13-Extended Port input Level Register PRIS, «=| 
fooos7aH __|VOPonP14- Extended Por nputLevelRegiter ——=SCS*S~*~<~*~‘“~*ésdEPRIA:SCS*dtC‘“‘C*‘*dCWSC* 
}o0047BH [VO Port P15-Extended Port InputLevelRegister feu | 
osron_Jug er tae Fortes Rovgey eek ft 
a a 
[PoDRo) | 

ee ee ae 
Jooos2H [VO Port Po2-Port Output Drive Register POOR | 
jooodasH [VO Port POS-Port Output Drive Register POO | 
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are a ed 
eooiesh [VO Pon P06 Por OupaDive Register ————SS~S~S~S~w S| 
eooieehi [0 Por P06 Por Output Dive Register ——~—~SCS~*~*~S~w GC 
ooodsrH [JO Por PO7- Pot Output Dive Register ——~—~SCSC~C*~S~rOROSS*dSSSSSCd 
oooeaat [VO Por P08 Pot Outpt Dive Register ——~=~*~“‘“‘*~*~dOOROSSCSC~*‘dC*“‘*dSC*d 
eooieaH [0 Por P09 Por Output Dive Register ——~SC*~*~“~*~“~*~*~*~*~r OOD SCSC*dSSSSSCi 
eooisat [0 Por 10- Por Output Dive Register ——~S~C~*~“~*~“~*~*“~*~*~wr OVO SCSC*SCSSSSCSC*id 
00486! [JO Por Pit -Pot Outpt Ove Regier ————SCS~S~S~S~s oe SC 
je00iscH V0 Por P12 Por Output Dive Register ———~SCSCS~S~S~w ota 
o00e=oH [VO Por P18 Pot Output Dive Regier ———~SCSC~*~S~S~r'G «SSC 
o00%aeH [JO Por P14-Pot Outpt Dive Register ——~=SC*~“‘“‘*“~*~*«*dOORNSSCSC~*dtCSC*C‘“‘*‘*dSC* 
jeooiarHi [U0 Por P15 Por Output Dive Register ——~S~CS*~*~“~*~“~*~*~*~*~*«~wrO'SSCSCSC*‘dCSC*C‘“‘*idSC* 
eooieoH [JO Por P16 Por Output Dive Register ——~SC~*~“~*~“‘~*~*“~*~*«~diOOGSSCSC*SCSSSCSCS*~id 
eooieihi [0 Por P17 Por Output Dive Register ———~—SCSCSCS~S~S~S~w 
Ea ee 
ooo [VO Por Pos Por igh Ove Regiier ———~SC~*~S~S~w RB S*dSSSSSCi 
0040 [VO Por P09 Port High Dive Regsier———~—SCS~*~S~w RDS 
e0049e [JO Por P0- Por High Dive Regier SSS SC 
es a 
ee oe Ce 
eooEAAH [0 Por Poe PullUprestorContolegter———~SCS~S~S~S~w URC 
oooesH [0 Por Pos PurUpestorGontol Rogier ————SSSCSCSCS~S~s UR 
oooeacH [0 Por Fo4-Pul-UpredtorGontol Reger ——~—~SCSC~*~*~S~wr URC 
000eA0H [VO Por POS Pul-UpredtorGontl Register ——~=SCSCS*~*~S~r RSS 
oooiacH [0 Por P06 PulrupresstorGontolegter——~—~SCS~*~*~S~r RBS 
ooodarH [V0 Por PO7-PullUprestorContolegter——~SCS*~S~S~wr RSS 
0004804 [0 Por P08 PulrUpresstorontolegter————~SCSCS~S~S~w UR’ SC 
000461H [0 Por P09 Purp restorontolRogter—————SSSCS~S~s UR 
000482 [0 Por P10-Pul-UpredtorContol Revisor ——=SCSC~*~S~S~wrUO «SSC 
000483 [0 Por Prt = Pulp resistor Gontol Register —~SCSC~*~Ss SSC 
o00deH [JO Por P12 PulrupressorContolepiter——~SC*~S~r RV SSdSSSSC 
000485 [JO Por P18 PurupresstorContolfegter ——~—~SCSC~*~S~rR'S SSC 
0048s [0 Por P14 Pulruprestorontolegter SCS SC 
000487 [0 Por P15 Puruprestorontol Rogier SSCS u's 
ee a a ae 
a a 
en ee cl ae Ce 
00048eH [JO Por Poe Extral Pin Sist Register ——~=~*~“‘*‘“‘*~*~*dRSCSCSC*“‘d‘:*C*‘“‘SC*‘d*RSCOC* 
ooodarH [VO Por Pts Exiemal Pn Sat Register ——~SC~*~“~*~“‘~*~*~‘“~*~*«*dAGSCSC*‘dC*‘“‘CSSC#*‘d*RTCOC* 
o004con [0 Por PO4-Etomal Pin Sat Register ——~SC~*~“~*~“~*~*~*~*~*S*«~wdKSSCSC*‘dCSC*‘“‘C*C*‘d*RSOC* 
sci rors. sews Repser eros fa 
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ene |e 
/O Port P11 - External Pin State Register 

fooo4cAH [VO PonPi4-ExtemalPin StteRegister ——SSSSCS*~*~dEPSASSSSCSTSCd 

0004CDH | VOPort P17-External Pin StateRegister SIZ | TR 
pet owe 
0004D0H | ADC analoginputenable registerO DER | RW 
fooosDiH | ADGanaloginputenableregitert ——SSSSCS~*~dDERTS|C 
ooo4D2H | ADC analoginputenable revister2 DER? | RW 
[o004DsH | ADC analoginputenable revister3— ERS | RW 
o004D4H | ADC analoginputenable register4_—— ERA | RW 
JoooapsH —|Reseved 
[0004D6H | Peripheral Resource Relocation Registro PRARO | RW 
|000407H ___| Peripheral Resource Relocation Registert PRAMAS | RW 
[o004D8H | Peripheral Resource Relocation Register2 RARE, | RW 
[0004D9H___| Peripheral Resource Relocation Registers PRARS | RW 
0004DAH___| Peripheral Resource Relocation Register PARA | RW 
}0004DBH__| Peripheral Resource Relocation Registers RARE | RW 
0004DCH___| Peripheral Resource Relocation Registers RARE | RW 
0004DDH___| Peripheral Resource Relocation Register? PRR? | RW 
0004DEH | Peripheral Resource Relocation Register RARBG | RW 
0004DFH | Peripheral Resource Relocation Register PAROS | RW 
JOoo4E1H _—|RTC-SubSecond Register RHO | 
ooo4e2H | RTC -Sub-SecondRegisterH tpt | RW 
ooo4esH | RTC -SecondRegister ts | Rw 
joosea —|ATC-Minutes fe Tw 
oomesH = fATo-Hou te 
ooo4e6H | RTC-Timer Control Extended Register strc | RW 
O004E7H __|RTC-Clocksolectregister cs =| 
fooosEsH [RTC TinerGontolRegiterHigh SSSCS~*~*~*dTCR | 
O004EAH | CAL- Calibration unit Gontrolregister fue | RW 
oooseBH |Reseved 
fo004EDH | CAL- Duration TimerData RegiterHignSSSSCSC«*dUTOM |W 
fo00sEEH | CAL-Calbration Timer Register tow —=SSSS~*~*~*~d TRC 
foooseFH | CAL- Calibration TimerResistr@High SSSCS~*~*~id TR] 
o004FoH | CAL- Calibration Timer Register tLow fume curr) STR 
o004F1H | CAL- Calibration Timer Register 1High Ss fcueath | TR 
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peer aes ced 
oooeFan _[RT¢- timer Contol Stas Regstorhigh ———S~S~S~s Tse id 
oo0sFa [RLT¢-Retoad Regiter-forwing ————SOSCSC~S~<“~S*~“~tSsS~ Rid 
fooosFa _[RLT¢-Retad Register-forreading ———SSCS~S~S~S~S~S~iSSSSSSCid dC 
fooosrsi _[RLT¢-Retad Register forwiting ———SCS~—SC~—SsSC~—~iSSSCSCSC“C~*~‘iSC‘“‘(C‘C*C*dSCC*d 
fooosrst | RLT¢-Retad Reistr-forreng —————SSCSCS~SCSCSCSCSsiSSSSCSC~‘iSSCSC‘“‘~*~‘~‘~idrRSCSC*d 
00047 [TS Tmer Cont! Sas Regstorhigh SS css id 
00ers [RLTS-Retoad Regiter-forwiting ————SOSCSC~C~S~C~S~S~S~<~tSSSSSS*i Rd 
00ers [RLTS-Retad Register-forreating ———SSCS~SCS~iSSSSS~i Ts SC 
fooosran [ALS Retad Register torwiting ———SCS~C~—SC—SsSSCSC~‘iSC‘“‘“‘(CSSC*diC‘*d 
fooosren [LTS Retad Reistr-forreng ———SCSCS~SCSsSSSSCSC~‘iTSSC‘“‘“‘*~*drRSCC*d 
[o004FAH _[ T-Tmor put elector Cascading) SSSR STi 
rowers [Reem 
000600H | FRT2-Dataregterciteonmingimer ———SC~“~*‘“‘*~*‘“‘*é‘dtSS*C“C*‘~*‘idTOOSCSCSCidi Cd 
fooosort | FRT2-Datareistorotteoruningimer ————SSSOSCS~SSSSSC~iCSSCSCSCS~S~idr Cd 
o0060ah | FRT2 Conel satus rgist ofteerunringimerrigh _—————_(recsne ‘| Siw id 
00080 [FRTS-Dalareisteroftteeruming timer ——SSCSCSC~dCSCSCS~«~TOOTCSCSC*di Cd 
00060st _[FRTS-Datareisterottteruming timer ————SCSCSC~—S~—~—~SstiSSSSSCSC“‘~‘“dCSC*C‘“‘*~*idWSC*d 
o00607H [FTO Conl satus register ofteerunringimerrigh ———~—~d recs SSCs 
o0060et [OCUB-Ouiput Compare ContolSiaus——SSCSCS*~*~idtS S| Cid 
000609 [0CU9-Ouput Compare ontlSiaus——~—S~S~Sscs |i 
[o060aH [OCUB-CompareRegiter——=—SSCSC~C~“~*~*~“‘“‘<“~*‘*~‘“dtS~S~*~«*dtOPSSSCidi WC 
CC 
f0060ch [0cu9-Compare Register ——=SC*~<“~*~‘“~*~*~*~‘“‘*‘~*~‘~‘~*~*~dCSC*~CS*~*wd Pdi 
000600H | 0cU9- Compare Register ————SSSCSC~S~—‘“~S*~‘“‘“—~S*s*~*~*~é‘“SSC“~*~*~té‘“SS~sdri SCS 
0006064 | OCUI0- Cut Compare GonsolSaus——~SCS~S~S~S~ss SSCs 
00060F [OCU Output Compare GontolSiaus——SCS~S~Ss st Sd Cid 
[00610 [OcU10-Conpare Reiter ———SSCSC~<C~“~*~*~“‘“~*~*é‘dtCSCS*S*SC*~S*~*dt Cid = 
fost [Ocut0-Compare Reiter ————SSSCSC~—S~“‘—~Ss*~‘“~—Ss*S*~s~é‘iSSC“<*~‘~*~*é‘*rS*S~idriSCC*d 
fo0si2 [OcUtt-CompareRegiir ——SSCS~<~“~“~“~*~*~“~*~*é~dtCS~*wd dw 
f006iaH [Ocutt-Comparenegsior ———SSSCSC~C~—~‘“~*~“~*~“‘~‘~‘~*~*~é‘TSSC“C*~S*~CSsSCS~sdi CS 
oo0si4t _[ICUBNGU8 contol Staus Register ———SSCSC~S~S~w sid 
fooosist _[Icusrcus cape egster ———SSSCS~C~S~Sw eo SSCdSSSSSCid* 
foosiet [ICUs cape Regitertow—=~S~*~“‘“‘*“‘“‘*~*dPCMBC~SC*‘dOPSCSC*~‘diz SC* 
fo0s17H [CUB Carre RegterHgh —=~S~C~*~“~“~*~*“‘~*~*~*~*~*~*dPCPSSCSC*dSCCSCSC‘“‘*‘*‘idRSC*‘*d 
foo0sieh [ICU9- cape Regitertow—=SCS~*~“~“~*~*‘“*~*~*~*~*«*dPCLG~SC~C~*~*d PSS CS 
oo0siaH [CUB care RegtorHgh ——~=SCS~*~“~*~*~*~*~*~*~*~*~*dPPWSS*dSSCidCd 
fo0siat [ICUIONCUII- contol Status Register ———SCS~*~S~Sw ston SSCs 
foosieH [ICUIONCUTI-EdpeRegiter———SSCSC*~“~*~*~“~S~*~*~S*~«~diESSCSCSC*dSCSC‘“‘CSC*‘*dWSC*d 
[0061CH _[ICUI0- Centre Regitertow——=—SCS~*~*~S~«~ PPO —~—=édP OCC 
[000610H _[ICUI0- Carre RegterHgh ——=SC~*~“~*~*~*‘“*~*~*~*~*dPCPHOSCSC*‘dSC‘CN#‘*diRSCOC~*d 
fo0sieh _[ICUtt Cape Registertow ————SS~S~S~S«w Pics iC 
fooosiF [Cutt Cape Registrtigh——SCS~S~S~S~w dC 


736 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“auger «= EMBEDDED IN TOMORROW Appendix 


Table 37-1. I/O map of MB96V300B 


se a ee 
fooseoni _[USARTA-SfalModeRegsir———SSSSCS~S~S~s | 
fooserti _[USARTA Sera Gontol Regier ——~—=SC~S~S~S~S~s S| Cid 
foo [USARTA-TeRegiter——SSCSC~“~“~*~“~*~*‘“<~*é*drTORASSCSC*C“‘“(;RSSOCOC*C™C™CSC~*dSSC*d 
foooseaH _[USARTA-AKRegster ———=OSCSC*~“~‘“~*~“‘“~*~*~*~*diRORSCSC“‘CRCSO#*#*#*‘“‘*‘dSCOC*C‘*d’ 
fooosesH _[USARTA-Sefalsiaus —~S~S~‘“~*~*~“~*~*~s SS S«dESSSSCid CS 
foosedti _[USARTA- Contoiom.Regiier(riona) ———~=S~S~*~S~S~dCRSSSC*dSSSSCSC=id Cd 
fooosesti _[USARTA- Ext. Situs Rogster———SCSC~*~*~*~d SR CdSSSCid id 
foooserti _ [USART4- Baud Rate GenertorRegserHigh—~=~*~“‘~*~*~*~*dBGKSSCSC*‘dtC*‘“‘*dWSC*C‘*d 
[oosest _[USART4- Extended Sel Inerupt Renter —~=S=S~*~“~‘“~*~*dES~SCSC*~“‘d*SC*‘“‘*‘*‘*dSC*C‘*d 
foosearesoned SS SSSC—CSsSSSSSSC*dSOSCS—~SSCCCd 
foosean _[USARTS-SofaiwodeRegtier———SSSCS~S~S~Ss a sdSSSSCid Cid 
[o0seet [USARTS- Sera Gontoifegter ———~—SCS~S~C~S~s STi 
fooosech _[USARTS-AK Raptor SSCS gs S«dESSSCSC—id id 
fooosecH _[USARTS-TxRegiter ——~SCSC~“~*“~“<“<~S*~«~*rROASC“‘CSCSOC*C*‘“‘C‘*dACOC*‘*d’ 
fooos20H _[USARTS-Sefaisisus——S~*~S~“~*~*~*~“~*~*~*~*~s SS SSC*dESSCSCSC~*~idr Cd 
fooos2eH _[USARTS-Contoiom.Regiir ——=S~*~“~“~*~‘*‘“~*~*~*~*dECORSSC“‘CdRSCOSC#C#*#*‘~dr;WC~é*d 
foosert [USARTS- Ext. Situs Rogster ———=~S~*~“~*~*~‘“‘*~*~“~*~*~*~*dSCSC*“‘“‘C*dCSOS*‘«d‘ ~(WCSC*d 
fo0ssiti [USARTS- Baud Rate Generator Regisorkigh Sc Cid 
[ooseet  [USARTS- Extended Sel Inerupt Register ——=~=SC~*~“~*~*~*~*dE SNS SCSC*‘dtC*‘“‘“‘SC*dSC‘*d 
Cr 
foosssti [SARTO SofatwodeRegsier———SSCSC~*~*~*~RSSSCSC*dSCSC‘“‘CSC*‘*dSC*d 
[o00sasti [USARTE- Sera Gontoifegiter —=~=S~*~“‘*‘“*‘“‘*~*~*dSCG*~C*‘“‘dRCOC#*#*~‘~d~r;W~=éd 
fooosgahi [SARTO SeralTx Register ——SSCSC~S~S~S~s ws SS«dESSSCid 
foo0sseH [USARTE-SefalRXRegsior ———~SCS~S~S~S~S~S~s PR SSSC*dSSCSCSC~idSCSC*d 
foose7H  [USARTS-SeralSisus Regt ——~=S~*~“~*~“~*~*‘“~*~*dSSRWBCSC*C*“‘CSO#*~*‘~*daRWSC~C*d 
fo0sesh _[USARTE- Ext ContolGom Regier ——=S~S~*~“~*~‘“~*~*~“‘~*~*dECRSSC*C*“‘dRCSOO#*#*‘«déa;WC~=*«d 
foo0seaH [USARTE- Ext. Status Com. Roper ——~=S~*~*~“‘~*‘~*~*~‘“~*~*~*dSCRSC*“‘dRCSOSC*‘d~ =‘ CSC*d 
fo00sseH [USARTS- Baud Rate Generator Regisorkign ——S~S~S~S~s Gi 
[00ssch | USARTS- Exendod Serial erupt Register ——~—S~S~S~s Ra STi 
Ca 
fooosseH _[USART?-SefalMode Regier ————SSSC~S~S~S~S~S~s RP S«dSSSSCid CS 
[006s [USART?-Sera\GontolRegiter ———=SC~S~S~S~sSS«dTSSSSCid Ci 
foossoH _[USART?-SefalTx Register ———SCSC~S~‘“~*~*~*~i OR SSSC*dESSSCSCS~idr CS 
fo0seoH _[USART?-SefalRXRegsior SSCS «dCi Cd 
fo0seit [USART? Seva Situs Rogstor SCS sr Sid Cid 
[o0s4en _[USART?- Ext ContolGom Regt’ ——=~=~*~“‘“‘~*‘“‘“~*~*drECRACSC*“‘“‘;!USO#*‘*daWC~*d 
[o00s4aH _[USART?-Evt Situs Com. Reser ——=—=S~*~*~“~*~*~*~*dESCRTSCSC*“‘(;R;SCSC*‘~*iaRWSC*d 
[oosssti _[USART?- Baud Rate Generator Regisorkigh ——~—SCS~S~s Sid 
[o00sseH _[USART?- Extended Serial nierupt Reger ———SCS~S~S~s RY Sd Cid 
Er 
fo00ssahi [USARTS SofalwodeReghier SSCS mS SSCs 
[o00s4aH [USARTS- Sera Contol Register —=~S~*~“~“~*“‘~‘“~*~*~‘idSCR:~SCSC*“‘dRCSOC*#*‘*‘dr RWCSC~C*d 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 737 


Sm CYPRESS 


Appendix “au «= EMBEDDED IN TOMORROW 


Table 37-1. I/O map of MB96V300B 


ae Ee Ee 
ooosean _[USARTS-SeialTXRepiter ———SSSSCSCSC~s TOR lw 
oooseaH _[USARTe-seial Regier ———SCS~S~SswS*dSSSSC*dR CCS 
ooosea _[USARTE- Sera Status Regt’ ———~SC~*~S~S«w SSC 
oo0sach | USARTe-Ex. ConrolGom, Regater —~=SC~C~*~S~S~wrRBSS*dSSSSC*d 
oossoH _[USARTE- Ex. StausCom.Regstr SS ifesone | rw 
0006%EH | USART8-Baud Rie GeneriorRegiieriow ——=S~*~S~S~srL C=C 
0006eFHi | USART8- Baud Rate GneriorRegiserFigh ——SCS~S~S~s S| 
0o0s6oH | USART8-Extended SefalniruptRepiter ———=—SCSCS~w SRG dC 
CO PS 
ooossen | USARTe- Geral ModeRegstr ———SSSCSCS~S~S~Ss SR S«dSSCid 
0o0s6aH [USAR Serial GonrolRegser ———=—=SCS*~“~*~*~*~drCRCSCSC*dSCSCSCSC*~S~*~dr SC” 
Cr a 
ooos6eh _[USARTo- serial Regier ———~SCSC~S~S~S~w RR SS*dSSSSC*d CS 
0oosesH [USAR Serial Status Regt’ ———~SCSCS~S~S~S~S~w SSC 
ooossek | USARTe-Ext. ConrolGom. Regier ——~SC~S~S~wRSS*dSSSSSCSC*d 
000857 [USARTe-Ex. Status Com. Reger ———=—=SCS~S~S~w SR SS«d SSC 
00086aH | USARTo-Baud Rate GneriorRegsorhigh ——=~S~S~S~S~s S| 
0o0s6aH [USAR Extended Seialniruptenster ——=SCSC~*~S~S~w SIRS 
rr a 
ee a ee 
ooosezx _[ALARMT-ConfolSisusRegsier———SSCSCSC~S~S~w SC 
ooosesH [ALARM Extended ConlSisus Regier ———~—SCSCSCS~S~S~S~w SC 
Cr 
ooosesh _[PPGe-Tmerregiter ———SSSCSCSCSCS~SCSCSCSCi SSSSCidTSCid 
ooosesH | PPGS-Perdsetingvsin ——=S~C~*~“~*~‘“‘“~*~*~*~é~rCSC‘“~*~C*~*diSC*‘diSSC* 
oooseri | PPG6-Perodsetingreior ———SCSCSC~SCSC—~—~SCSCSC~S~SC~SiYSSSSSSC*dT SC 
oooseat | PPGS-bulyoxierensn ———=~=SCSC~“~*~“‘~*~*~“~tCSC‘“~*~*~*~*~*diUSCSCSC*idC 
ovsest [PPG buyeyseregser | 
ooos6aH | PPGB- Conte tau regatrlow ——~S~*~S~S~S~wr C=C 
oo06eeH [RPGS Conte tas register igh —SCS~S~S~S~wd S| 
ooosech | pPGr-Tmerregstor———SSSSCSCSC~S~SCS~S~SSSSSSCSC~*d 
Cn CC 
oooGeeH | pPG7-perodsetingragsin ——=SCSC~S~“~S~*~S~S~SSSCSC~*~«di ST CCSCdlw 
oooserHi | PPG7-Porodsetingreisier ———SCSCSCSC~SCSCSCSCSCSCSCSSSCidT SC 
ooos7aw | PPG7-Duyowieresse ————SSCSCSCS~SSSSSCSCSCSC~*di iw 
ooosrih—_[PPGT-ouyeysereasin Tf 
000572 | PPG? Con sta regitrlow ——SCS~S~S~S~S~w =r 
ooos7aH | PPG? Con sia register igh ——SCSCS~S~S~S~S~w ce | 
o00s7sH | PPGW-PRGe- General Gontcegter Hoh ——SCS*~S~S~wR «dC 
ooos7 | PPGT-PPGe- General GontcegstereHah ——~SCS~S~wrCN? | 
ooosrak [pPGa-Tmerregstor ——SSSCSCSC~C~“~*~™tCS~di RCC 
Cc a 


738 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“auger «= EMBEDDED IN TOMORROW Appendix 


Table 37-1. I/O map of MB96V300B 


SSeS ee nee 
fosran | PpG8-Perodsctingreustor ————SSSSCS~S~S~S~SSSCSC*id 
fooos7eH [Pcs Perodseting enter SSCS SCS 
[oo0s7cH _[PPGe-Dutyoyceregter——~SCSCSC~“~“~“‘“~*~*“<~S*«~dtS*SCS*~S*~di OT SCid Sd 
[oo0s70H _[PPGe-Duyoyceregter ——SSSCSC~“~“~‘“‘~*~‘“‘“‘~‘~*é‘~SC“‘s~“S~*CSsC‘“C*~‘“~*~S*~*rSC‘*d 
[o00s7eH [PGR Contolstausregsiortign ——=SCS~SwP id 
foossor | Ppca-tinerenster—SSSCSCS~S~SCSSCid dC 
foossit _[Ppc-tineresstr ———SSOSCSCSSSCidCSCid Cd 
foosset | PPce-Perodsetinggiter ———~—SCS~C~*~“~*~“~*~*~*~*“‘~“~*~*~‘~tCS*S*C~*~*~*~«~diCCSCSC*dt Sd 
fooosaH __[PPce-Perodectigepster ————SSSCSC~C~—~‘“—~*~“~‘“—~*~—~*~é‘~SSC“C~S~SCSC‘“C~‘“~*~s*~irSC*d 
foosed _[Ppc9-Dutycyceregter ———SSSCSCS~C~“~“~“~“~“~S*~*é‘dSCS~S~di id 
fooosesti | Ppce-Dutyojceregter ———SSSCSC~—S~‘“~*S*S*~*~*—‘“‘—~sSsSs~‘—s~‘~SSC“i*~‘“~*~*SC‘C~idrSC*d 
[o00se7Hi _[PPG9- Control stats egsiortign Sis 
fooossH _[Pecio-Timercegster = SSSCSC~“~“~*~“~<~*~dtS*S*SCSC~S~S~«~dr Cid C*d 
fooossaH _[Ppcio-Tinerepser ———SSSSCSC~—~—CS~“‘—sS*~—~—‘—‘“‘—sSs*s*—‘—‘—s~s‘iSSSC‘C~C~*~TSC‘~CS*~*~drRSC‘*d 
fossa | PPGt0-Perodscting cuter ———=SC~*~“~*~“~*~dtCSCSC<CS~S~«~di Cid 
fooosseH [Pato Pefodsetingeuster ————SSOSCS~CSC—“~sS*~—~—~—~—stsSSSSSCSC~‘“dRSC*C‘“‘(C‘C*dSC*d 
foosech _[ Ppat0-Dutycyceregter ————SSSCSCSCS~S~CS~SCS~iSSSSSSSC*dP id 
006s _[Ppat0-Dutyojceregter SSCS Sid 
[0058 [PPGIO-Contolstausregisertigh ——~=SCS~*~S«wP Odi 
foooseoH [Peat Timeregiter SS SSCSC~—~—S~—‘“~sSsS*S*~*~—~SSS~id dC 
foossi [Peat tmeregter ————SSCSCSC~—S—SC—“—sSsSCSCSC—~—~—CSsSsSsSCSCSC~‘iTSSCSdSSCSd SC i*' 
fooseat | Ppait -Perodsotingregiter———SSSCSCSC~SCSCSCS~iSSSSSCSC*d id 
foooseah [pati -Perodsotingregiter SSCS id 
foose [PPG -butyoyoeregiter ———~—SCSC~“~“<~S~<S~tSCté‘<=~S*~S~«~ir Tdi 
foosest [Pec -Dutyoyoeregiter ———SSSCSC~—~—S~‘“~*~*~‘“s~*~*~*‘~SSC“s~S~*rCSti‘“‘“s*~S*~*rSC‘d 
fooose7 [PGi -Contolsatuseisterrigh ——=SCSCS~S~w Pt Sid 
[o0069aH _[PPGIS.PPGI2 General ontolregsiort ign ———S—S~S~s ot did 
[00896H | PPGIS-PPGI2- General Contolrgisier2 igh ——=~S~*~S~S~d Sid 
fooosach | Pecia-timerenstor SS SSSCS~<~“~*~*~‘—‘“‘—~*~dS*S~C~*~‘“~*d dC 
foo0se0H | Pecia-tinereusr ———SSSCSC~—~—SC—“—~S*~*~*—‘—‘~“s~s~CS*~*~‘“‘~s~s~SSC“C~S~*SSC‘“‘*‘“~*~*drSC‘d 
foosaen | Ppata-Perodscting eater ———SSCSCS~SCSC~S~iCSSSCSCS~*di did 
fooosar [Peat Pefodseting euster SSCS Sid id 
foosAok [PPGI2-Dutyojceregter——~SCSC~C~“‘“~*~“‘“~*“‘“~*~«~*tCS*C‘<~S~*~«~di TCs Cid 
fooosaih _[PPGi2-Duyoyceregter———SSSCSCSC~—~—S—~“—sS*~—“—s~sSsSs~—‘—s~é‘iSSSC‘C~C~irTSC‘CS~S~S~rSCSC*d 
foosas [PPGt2-Contolsiausregsiortign ——~SCS~*~S«s Pe id 
Ec 
fooosash _[Pecie-tinerepster ———OSOSCSCSC~C~“S~“*“‘“‘*~*~*~‘“‘“<“~S~C*s‘~sSSCSC‘Cs‘“~*rStSsSC‘“s*‘“~S*~*rRSC‘*d 
foosash | PPGta-Perod seting euiter———~SCSCSC~S~<~S~CSsCSSSSC*id cn id 
fooosarh [PPG19-Potodscting epter———SSCSCS~C~S~—SCS—~“—s~C“‘—~Ss*~—s~‘~SSC“‘~‘“~irSCSCSC~S~rSC*d 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 739 


Sm CYPRESS 


Appendix “a «= EMBEDDED IN TOMORROW 


Table 37-1. I/O map of MB96V300B 


ae 
foosnen [Pcie ouyayceregsty ——SSS~S~S~S~sSSSSSSCide = 
a a 
o006ABH _[PPGI8-Contl sts registerrigh ——~=SC*~S«w PN did 
<< —ST——==$=— ef 
0060 [Pecia-tinereter ——SSSCSC~“~*~“~*~“‘“‘~*~*“‘“‘“~*~*é*SSC“Cs*~<“~*~é~*SC‘“‘“‘*~*drSC*d 
oo0sAc [PpGt4-Porod setingegiter———SSSCSCS*C~S~S~S~dCSSS~d di 
foosar _[PpGt4-Parod seting epter————SSSCSCS~SSSSCidCCid 
fooseok [PPGi4-outyqceregiter ———~SCSC~“~“~‘“‘“~*~*~‘“<~S*é~rtStSC<C*~S*~«~i Cid 
esos —[rPcie-ouwewe raster Tf 
foosea | PPGt4-Contolstzusregsiortow ——=~S~S~*~<~*~*~*~*~*~di NAC id 
00sec | PPGt4- contol stzusregsiorhigh ——~=S~S«wP sid 
foosest | Peci6-tineregter—SSSCSC~Sts‘“—~S*~*é~CSCSC‘“C*~‘~*~*éd dC 
foosest | Ppcis-tinerester SSCs 
fooseeH | PPGIS-Perod setingeuter——~SC~*~“~‘“*~*“‘“~*~*~*“<~*«~tCS*C‘<~S~S*«~iOCSCSCid Cd 
000887 [PPGI6-Parod setig ester ———SSCSCS~‘“‘~*~*~*~‘“‘“‘~*~é~SSC‘“<~‘“~*~S*é‘iSC*‘“‘“*rSC‘d 
fooseet | PPGIs-Dutyajceregiter ———SSSCSC~“~‘“‘~*~‘~*~dtSSCS~d ii 
ooseoH [PPIs Owyowe reser Tf 
oo06eaHi [PPGIS. contol stausregsiortow ———~=SC~S~S~sd IS Cs id 
oo0sesri | PPGIS. contol stausregsiorhigh ————SCS~S~S~iP cs id 
000680H | PPGIe-PPGI6- General Contolregsert High —=~S*~S~S~sd Cid 
o00ser | PPGIe-PPGI6- General Gontolregsior2vign ——=~S~S~S~S~sd oe id 
foo0scoH [Pcie timers SSSCSC~StsC‘“—~s*sdSSSSSC*d Pm 
fo0scih [Pcie tinerer ———SSSCSCSCS~SCSCSCSCSSSSSC~idCSSCid Cd 
[008caH | PPGi6-Peiodsetingeuter ——~SC*~*~“*‘“~*~‘“‘“~*~*~‘“‘“~*«~dtCS*SC<C~S*~*«~i ST CSCid Cid 
[008s [PPGt6-Peiodsetigesster ———SSCSC*~‘“~*~*~*~‘~‘“~*~dSSC‘“~*‘“~*~*é‘irS*C‘“‘“~*~*rSC‘d 
fooscah | Ppct6-Dutyajceregiter ——~—SCSC*~<“~“~*~*~*“‘“‘~*~*~*‘~*é‘~dSSCS*~S*~di Tid 
ocosesi—_[PPate-Ouyowe ras | | 
0066 | PPGI6-Contolstausregsiortow ———~=S~S~«s TS =i id 
o006c7H | PPG16- Contol status regsiorrigh ————S~S~S~i Pw did 
[008s [PeGI7-Tineresser——SSSCSC~<“~*~“‘“~*~“~“<~*~*~é‘“dS*SCS~i dC 
fo0sceH | Peci7- timers ———SSCSC~“~“‘“~*~‘~*~‘“—‘~“‘~‘“‘~‘~“s~*~‘<s~«~StSC(‘“‘s*~‘“~*~*é‘*S*C‘“‘“~*~*drRSC‘*d 
fooscav | PPG17-Perodsctingegiter ———=SCSC~“~*~“‘~‘~“~*~*~‘~*~*~é~dtCSCS~S*«~di Cid 
foosceH | Ppct7-Parodsetig ester ———=SCSC~“~*~‘“‘“~*é“dCSC‘“‘*S*dSSC*C‘“‘WOC~*d 
fo0scon | PpGt7-Dutyajceregiter SSC id 
ocoscon | PPGt7-Ouyowseregser 
[008CEH | PPGI7-Contlstasregiiertow ———~S~S~*~S~S«~P SSCs 
[005CrH | PPGI7- contol stats registertigh ——~SC~S~S~wP sid 
o00s00H | Pecie- timer ——SSSCSC~<C~*~“~*~*~‘“‘“~*~*é*dCS*SC‘“‘=‘~*d Sid 
[00st [Pcie tinereer ———SSCSC~C“C~“~*“~*‘“‘“‘“‘~*~*‘“s*‘“‘~‘~*é~*SSC‘“s*‘“~*~*é‘*S*i‘“‘“~*drRSC‘*d 
o00s0aH | PPGt8- Pood scting ester ——SSCSC~S~‘“~*~*~‘~*~dCSSCS~S*~di Tid id 
0008baH [PPGie-Petodsetigesser——=—SCSC~“~*‘“*“‘“‘“~*“*‘“*«‘~SSC‘“s~‘“~*~*é‘~rCS*SC‘“s~‘“CS~*rSC‘*d 
o00soaH [ PPGt8-Dutycjce ogiter——~—SCSC~S~S~<C~S~<S~S~dCSSSSSSCid id 
0080s | Peci8-ouy joe regter ——SOSCSC~“‘~“~*~*“‘“‘“*S*‘“‘“*~‘~*«~rSSC“Cs~“S~rtSCti‘~‘“s~SC*t*t~‘~*rSC‘*d 
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hel ee 
000507 | PPG18-Controlstatus registerHigh fonts | RW 
fooosbeH _|PPGI9-Timerregiter—SSCS~—~SsSCS~S~siSSCSSCd 
oo05D9H | PPGI9-Timerregister | 
JOO05DAH | PPG19-Periodsetting register | sei | 
JOO05DBH_ | PPG19-Periodsetting register | | 
J0005DCH | PPG19-Dutycycleregister | ig SJ 
jooosppH _|PPGI9-Duyeycleregister Pe 
0005DEH | PPG19-Controlstatus registerLow ONLI PCN RW 
O005DFH | PPG19-Controlstatus registerHign oN | RW 
ooosEOH | SMCO-PWMcontrolregister woo] Rw 
O005E1H | SMCO- Extended control register (Outputenable) Ss fPwECO | RW 
ooosE2H | SMCO-PWMcompareregisterPWM1 | Pct RW 
JOO05ESH __—|SMCO-PWMcompareregisterPwM1 | | 
O005E4H | SMCO-PWM compare registerPWM2 | Pct RW 
O005ESH | SMCO-PWMcompareregisterPWM2 || 
ooosEsH | SMCO-PWMSelectregister fst | Rw 
O005E7H | SMCO-PWMSelectregister fs | RW 
EA 
0005EBH SMC1 - Extended control register (Output enable) ae 
OO05ECH | SMC1-PWMcompareregisterPWM1 =| wort RW 
O005EDH __|SMC1-PWMcompareregisterPWM1 | | Rw 
[oooscEH _|SMC1-PWMcompareregisterPwM2—SSSSSCS~*~CS~‘iSCSCSC‘“‘~*‘idTSCSC*idSCCS 
OOO5EFH |SMO1-PWMcompareregisterPWM2 | | 
cei, _ a Surge gr 
a A 
ooosF4H | SMG2-PWMcontrolregister fw] Rw 
O005FSH | SMG2-Extended control register (Outputenabley SS fPweCR | RW 
ooosF6H | SMC2-PWMcompareregisterPWM1 =| cre RW 
0057 | SMC2-PWMcompareregisterPWM1 | | Rw 
ooosF8H | SMC2-PWMcompareregisterPwM2 | Pre RW 
Em a (a a ee 
oceean_{sie fs Semeiee __} 
Ec 
[Pwos 

ne ee ce re 
Ca eT 
foooso1H | SMC3-PWMcompareregisterPWMY || Rw 
jooosozH | SMC3-PWMcompareregisterPwM2 | Pwr RW 
foooeosh —[swco-PwntconparereniserPwwr2 | |r 
ooososH | SMC3-PWMSelectregister stg | 
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= “ve 
sasar 

jooososH __|SMC4-PWMcontrolregister P| 
}000603H____|SMC4-Extended control register (Output enable) PWC | RW 
JO0060AH __|SMC4-PWMcompareregisterPWM1 | Pt RW 
}ooo60BH | SMC4-PWMcompareregisterPWM 1 | 
a OS a RS (od 
ES 
JOO060EH _|SMC4-PWMSelectregister Pst | 
JO0060FH __|SMC4-PWMSelectregister see | 
a 
}000613H___|SMC5-Extended control register (Output enable) PWC | RW 
ost [65 Pw conpar ie Buds rw 
Joo0sisH __|SMC5-PWMcompare registerPWM1 | | 
Jooosi6H | SMC5-PWMcompareregisterPWM2 | Pes 
ES 
estes or 
a 
LcDERO 
or 
JOO01EH | LOD - Output Enable Register 2(Seg2a-16) tere =| RW 
JOO061FH | LOD- Output Enable Registers (Seg 31-24 ters | RW 
}000620H_ | LOD -Output Enable Register 4(Seg 39-32) tA |W 
jooos2iH | LCD -Output Enable Register5 (Seg 47-40) tS | Rw 
jooos22H LCD - Output Enable Register 6(Seg 55-48) tee | RW 
joo0s2sH | LCD - Output Enable Register 7(Seg 6366) tT | RW 
LCD - Output Enable Register 8 (Seg 71-64) lucbers——— (tts]t~t~éid ws 
jooos2sH [Reseed 
joo0626H | LOD -Output Enable Register V(Vx) toe |W 
}o00627H [LCD Extended GontrolRegister CRS | 
jooos2sH —_|LCD-Commonpin switchingregister ttc | 
jooosesH | LCD -ControlReaister to | 
}o0062AH LOD -DataregisterforSegment-0 SS fvRAMO |W 
}00062BH ___|LOD-DataregisterforSegment32 va | 
joov2cH __|LOD-DataregisterforSegment5-4 mae |W 
}00062DH_ [LCD -DataregisterforSegment7-6 RAMS | 
JO0062EH LCD -DataregisterforSegment9-8 va | 
JO0062FH LCD -DataregisterforSegment 1110 vas | 
}000630H____—|LOD-DataregisterforSegment1312 Ss fvmaMG |W 
}o00631H_ | LOD -DataregisterforSegment 15-14 ma |W 
joovss2H | LOD -DataregisterforSegment1716 va |W 
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eee ea ea) 
joooss4H _—|LCD-Dataregisterfor Segment 21-20 CS VRAMI =| RW 
jooos3sH _—|LCD-Dataregisterfor Segment 23-22 VRAMIT, | RW 
Joos36H _—|LCD-Dataregisterfor Segment 25-24 i VRAMIZ, |W 
}000637H __—|LCD-Dataregisterfor Segment 27-26 CS VRAMIS | RW 
jooosseH _—|LCD-Dataregisterfor Segment 20-28 SRAM, =| 
jooos3sH __—|LCD-Dataregisterfor Segment 31-30 CS VRAMIS | RW 
JooussAH LCD -Dataregisterfor Segment 33-32 CVRAMI =| RW 
000638 | LCD-DataregisterforSegment35-34 RAMI, S| RW 
oo063cH _—|LCD-Dataregisterfor Segment 37-36 CS VRAMI | RW 
}o0063DH__—|LCD-DataregisterforSegment39-38 «RAMI =| RW 
Joo0s3EH LCD Dataregisterfor Segment 41-40 VRAMZO | RW 
Jooos3FH _—|LCD-Dataregisterfor Segment 4-42 VRAMAT | RW 
Jooos4oH LCD -Dataregisterfor Segment 45-44 VRAM22 | RW 
ooos41H | LCD-Dataregisterfor Segment 47-46 RAMS | RW 
foooe4aH | LoD Data reitrforSogmen'aaas—SSSSSSS~id RAs | 
jooos4sH __—|LCD-DataregisterforSegment 51-50 CS VRAMA5 =| RW 
jooos44H _——|LCD-Dataregisterfor Segment 53-52 C*VRAMZG =| RW 
jooos4sH _—|LCD-Dataregisterfor Segment 55-54 SRAM? | RW 
jooos4sH _—|LCD-Dataregisterfor Segment 57-56 VRAMZR =| RW 
}oo0s47H | LCD-DataregisterforSegment59-58 CRAM | RW 
jooos4sH _—|LCD-DataregisterforSegment6i-60 = SC* RAMS | RW 
Joo064sH __—|LCD-DataregisterforSegment63-62 CS VRAMSY |W 
oous4aH __—|LCD-Dataregisterfor Segment 65-64 SRAM? | RW 
Joous4BH LCD Dataregisterfor Segment 67-66 SSCS VRAMSS | RW 
Se _ fg a soa Shae te 
a a 
PRRRIO | 

a a $$ “pe (a 
}000662H___| Peripheral Resource Relocation Register 12 PRRRIZ | RW 
joos6sH __| Peripheral Resource Relocation Register 13S PRARIS, | |W 
a 
JO006EIH | External Bus-Area configuration register High EACH | RW 
oousesH | External Bus-Area configuration register 1High ss CEACHT, | RW 
ooosESH | External Bus-Area configuration register 2High CECH, S| RW 
ie Soe ee (as ee ae 
oooseett __[esernal Bus wen conwatonressterstoy __Jeacis_}eacs {rw 
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en Cs eso 
O008EDH | External Bus-Areaselect registers ASS | RW 
OO0BEEH | External Bus-Areaselect egister4 EASA | RW 
OO06EFH | External Bus-Areaselectregister5 ASS | RW 
aS 
oo08F1H | External Bus-ClockandFunctionregister BCR | RW 
jooosF2H | External Bus-Address outputenableregistero sf EBAEO | RW 
o008FsH | External Bus-Address outputenable register? EBAEY | RW 
vr fen notre nese epg fr 
a a 
[CTRLRO 
$= 
foo070a | CAND-StausregiserHigh (esewed) —SSSCS~«dSTARHO | 
jo0o704H | CANO- Error Counter Low (Transmit) CL ERRONTLO —ERRCNTO [RT 
jo00705H | CANO-Error Counter High (Receive) SC ERRONTHO | TR 
fooo7o7H | CANO-BitTiming RegistorHigh——SSSSSSCS~S~S~S~i THT 
fooo70aH | CANO-InteruptRegiserLow SSSSSCSCS~S~S~S~dNRL SRO 
fooo70a | CANO-InteruptRegisertioh ——SSSSSCSC~*NTRH TR 
o0o70BH_ | CANO-TestRegister High (reserved) = esTRH | TR 
erg a eo __ipw 
a a 
HEICREQO 

a ee ae ce 
000713H CANO - IF1 Command Mask register High (reserved) ‘iFicmskHo =i] ti(‘<i‘iwRCS 
jooo71SH_ | CANO- IF Mask RegisterHigh KTH | RW 
ooo717H_ | CANO-IF1Mask2RegisterHigh KH | RW 
fooo7ia | CANO-IFiArbivaton iRegisterHgh ——SSSSS«*YARBTHO |W 
o0o71BH_ | CANO-IFt Arbitration @RegisterHigh sd itvRBeHO | RW 
00071DH__|CANO-IF1 Message Gontrol Register High TRH | RW 
foooriFH _[CANO-IFIDa@AiHghSSSSCS~*OTAO | 
jooo72tH | CANO-IF1 DataazHigh itr | RW 
jooo7esH CANO IF DataBtHigh ditto | RW 
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See ee | ee 
fooo72sH | CANO-IF1DataB2High ss —C—C~CSCSC*idIATIBRHO | RW 
Beh eee ea — ees 
eS nee eo 
000743H CANO - IF2 Command Mask register High (reserved) ‘irecmskHo = | tti(‘ité‘i RR 
fo0074sH | CANO-IF2Mask 1 RegisterHigh CS IFMSKIHO | RW 
(000747 | CANO-IF2Mask2RegisterHigh ss SSCSSCd IMS | RW 
oe ioe ee i 
}000748H | CANO-IF2 Arbitration 2Register High CS IF2ARB2HO | RW 
}00074DH__|CANO-IF2Message Control RegisterHigh —SSSCSSCSd QMO | RW 
ze a Rc ec Can 
fooo7siH | CANO-IF2DataA2High ss SSSCéd TAH =| RW 
fooo7ssH_ | CANO-IF2DataBiHigh = S—C—~CSCSCid 2B] RW 
Ec cn a 
ee ee 
FTREQR10 
Se 
esi aimee eee ee ee dee 
fooo7esH_ | CANO- Transmission Request 2RegisterHighn = C«TREQRZHO | LR 
af ee 
Ca | CT 
ie on <<“ fg 
eos __ 1c Revbaadeodnerlane _______|Neworas_ WEE 
fooo7ssH_ =| CANO-NewData2RegisterHigh ss SSC~C~dNEWTZHO | LR 
a 
INTPND1O 
mi noni <|sepme— Ip - 
}0007A3H___|CANO- Interrupt Pending 2RegisterHigh CS INTPND2HO | 
fe 
}0007B1H __|CANO-Message Valid 1 RegisterHign = SSCMSGVALIHO | 
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PT a 
}o00762H | CANO -Message Valid 2 RegisterLow | svAL2to | MS@valeo |R 
cores [cavo-Message vada Regnertign SS dscvateno [| 
Ea 
Ce ee a a! A 
}0007D0H___|SGO-Sound Generator Control RegisterLow | SGCRLO——|sGoRO RW 
}o007D1H___ | SGO-Sound Generator ControlRegisterHigh ac] Rw 
jooo7D2H | SGO-Sound Generator Frequency Register SRO | 
}o007D3H__|SGO-Sound Generator Amplitude Register ARO | Rw 
Jo0o7D4H___ | SGO-Sound Generator Decrement Register Ss cRO | 
}o007D5H_ | SGO-Sound Generator Tone Register aOR 
}0007D7H___|SG1-Sound Generator ControlRegisterHigh Ss fSacRHY | Rw 
}o007D8H__ | SG1-Sound Generator Frequency Register SRY | 
}o0o7DsH__ | SG1-Sound Generator Amplitude Register Rt | Rw 
}0007DAH___|SG1-Sound Generator Decrement Register ct S| 
}o007DBH | SG1-Sound Generator Tone Register sat | 
or 
[oTRLRY 

a or i 
jooosozH | CANT Status registerLow SS STATLY i |saTR [RW 
000803H CANT - Status register High (reserved) statrRH#t—— st]t~<“s;~i‘~i RCS 
000804H CAN1 - Error Counter Low (Transmit) ERRCNTLI ~—sJERRCNT1 =—_(€$séd[ Rs 
000805H CANI - Error Counter High (Receive) fenRCNTHt i(i|tt~<‘RCSCSCd 
}oooo7H | GANT -Bit Timing Registerign TR | 
jooososH | GANT -InteruptRegisterLow INTRA RG 
foooeosH [CAN'-IneruptReuistervigh—SSOSCS~S~S~S Yi 
foo0e08H _|CAN1-TestRegiterHigh eserves) ———=S=S~*~“‘*‘“‘*“‘~*dTSTI:SOC*dtSC‘“CON’#C#CNW#Wd@RSCOWOC*’ 
jooogocH [GANT -BRPExtensionregisterLow | BRPERLY | BRPERT [RW 
CAN1 - BRP Extension register High (reserved) iBRPERHi SC (<téi‘d|tidRs 
EN 
foo0ei0H _|GANi-IFi Commandrequestregsteriow —~=*~“‘*S*dRVGREGL~—~—~=«simsGReGn [AW 
jooostiH | GANT -IF1 Command request register High i tCREQHY | 
CAN1 - IF1 Command Mask register High (reserved) iFicmskHt =| tti(‘<i‘“‘wRSCSCSSSY 
foooeisH _|GAN'-IFiMask1 RegiserHighSSS~*~S~S~S~«~ YC 
jooost7H GANT Ft Mask2 Regitertign riage | fw 
jooosisH | CANT -IFt Arbitration 1 RegisterLow tA FiARB [RW 
jooosie CANT Ft Ariration 1 Registertigh | irtamvst | fw 
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soeceen aes | Accee_| 
Jooos1BH | CANT -IF1 Arbitration 2 RegisterHigh tame | 
fo00e:0H [CANT IF Message ConrolRegisterHigh——SSSS~*~*~S~TI YC 
ooostFH CANT -IFtDataatHign trate =| 
jooosziH CANT -IF1 DataazHign intact =| 
focuses ~|CANY-IFVOataerighSSSCS~*~“~*~*~*~*~*~*~d OTC 
a (2 
Ee 
}000840H | GAN1 -IF2Command request registerLow | FRCREQLY—iracregi [RW 
foooesi _|CAN'-IF2CommandrequestregsterHigh—=*~*~“‘*‘*«*dRCRE «YC 
CAN1 - IF2 Command Mask register High (reserved) ‘irocmskHt | tti(‘zR 
foouessh _[CANY-Ire Mask Reyistertigh——SSSCS~S~Sw KPC 
fooues7H _|CAN'-IF2Mask2Regisertigh——~=S~*~S«s YC 
jooos4sH | CANT -IF2 Arbitration 1 RegisterHigh eames | 
foooessh _[CAN‘-Ir2Arbivaion @Reqisterign —~S~*~S~S«wd YY 
foo0e4DH _|CAN'-IF2Message ConrolRegisterHigh——=S~*~*~<~*~‘“~*~*~*dTI CYC 
jooosaFH [CANT -IF2DataatHign rata | 
foooesi _[CANY-Ir2DataagHign ——SSOSCS~S~S~S«~ aT YC 
fooossaH =|CANY-IFeDataerigh—S~*~“~*~*~“‘“‘*~*~*~*~*~*«*OTO «YC 
jooosssH | CANT -IF2DataBeHigh rere | 
Ea 
foo0se0H _|GANY- Transmission Request Regitertow ——=~=*~*~<“*‘“‘*dTRELY~S~*~*d TGS 
}o00881H | CAN1 -Transmission Request tRegisterHigh | TREQRIMT | | 
ossad_Jcan_tareion Regu. 2hoyatoe__jtfgopaut_{rnggmz__tp,__ 
a ee ee 
INeworiLi —|NEwoTit 

_————=<=$$< aa 
joooeseH _| CaN! -NewOelazReseertoy _}weworatt_|neworat__{p__| 
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access access 
000894H- 
0008A0H CANI - Interrupt Pending 1 Register Low INTPND1L1 INTPND11 rR 
0008A1H CAN1 - Interrupt Pending 1 Register High INTPND1H1 Ro 


0008A2H CAN1 - Interrupt Pending 2 Register Low INTPND2L1 INTPND21 
0008A3H CAN1 - Interrupt Pending 2 Register High INTPND2H1 FP 


0008A4H- 
0008AFH 


0008B0H CANI - Message Valid 1 Register Low MsevaliLt  |wsavaltt—isdRs 
Joost |CAN1-Message Valid 1 RegisterHigh sf savaltet | LR 
jooosB2H __|CAN1 -Message Valid 2RegisterLow | SALLY | is@valet RO 
asossah—— [Gan asa ald og aw? sev 
Ee 
O008CEH __|CAN1 -Outputenableregister coe | 
a 
}o00g01H __|CAN2-ControlregisterHigh reserved) formu | 
}000g0sH____|CAN2-Status registerHigh (reserved) STATA | 
anos [GAN ere GouranLaw ena errno 
roost [cane Evo cour tah (ecete) ence rh 
}o00g07H ___|CAN2-Bit Timing RegisterHigh TRH |W 
}000908H ___|CAN2-InteruptRegisterLow IRL NTR SR 
}000903H | CAN2-InterruptRegisterHigh RHA | 
noone [can et Rogen none reste rh 
}00090DH___|CAN2-BRP Extension register High (reserved) | BRPERHA | RO 
ee fer 
tooe [cane Conmendeueteiaerigh ronan rw 
CAN2 - IF1 Command Mask register High (reserved) iFicmskH2 =| ts—i‘<‘imRCSCCSCY 
anos [cane rs ask Rogen tign iid 
noon [cane wk 2 Reiner igh rene rw 
JoooisH __|CAN2-IF1 Arbitration tRegisterHign SS tARBIHA | RW 
toon [cane Arieain 2 ogmwetagh anne rw 
noosa [cave Menage Como Ragas rete rw 


Reserved 
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ge oe ee 
fcaN2- Fi alaAt igh SSSSSS~=iT | 
[CaN2=F1 OaiaBi igh ———SOSCSC~S~S~ |i 


Reserved 


CAN2 - IF2 Command request register Low 
ooos4tH | CANZ-IF2Command requestregisterHigh rz? | RW 
CAN2 - IF2 Command Mask register High (reserved) ‘irecMskHe =| ti(‘<i‘zR 
foousssH _|CAND-IF2MaskiRegiserHigh——=S~*~*~*~*~*~*«*dSCYSC 
jooosa7H | CAN2-IF2Mask2RegisterHigh reise | RW 
fooogssh | CAN2-IF2Arbiation 1 ReqisterHigh——SSSSSCSCS~S~S~«~d | 
fooossBH (CAND IF2Atbiraion @Regisertigh ———=S=S*~*~“~*‘“‘~*~*~*«*dRRWH CYC 
oos4DH | CAN2-IF2Message Control RegisterHigh | remoRHe | RW 
fooogsrht | CAN-IF2DataatHigh SSSCSC~*~S~C~S*~«~T | 
fooossi _|CAND-IF2DataAzHign——S~*~“~*~“‘“~*~*~“‘“‘*~*~*~*~*~*«*dROACHSCSC*dSCSSSSC*id CS 
joooss3H | CAN2-IF2DataBtHigh ermine | RW 
foooassh | CAN2-IF2DataB2High SSSSCSC~S~S~«w THC 
En 
ooos80H | CAN Transmission Request 1 RegisterLow | TREQRILA | TREQRIZ [RT 
ooosstH __|CAN2- Transmission Request RegisterHigh | TREQRIHA | TR 
foooge2h | CAN2-Transmission Request 2 RegisterLow ——~=~S~S~*~*~*~S*~diREGRAL = TRERDC|C 
fooosea | CAN2Transmission Request2RegiterHigh —=S=S*~*~*~‘“~*dRRSCYSC CS 
Ea 
ooosecH | CANZ-New Data RegisterLow Ss NEWOTHLZ | NEWOTIZ, RR 
fooogeth | CAN2-New Data rRegistertigh ——SSSSSSCSCS~*~S~S*~wiNWOTI|R CS 
fooose2 __|CAN2-New Dsta2Regiserlow ——=~=S~*~*~“~*~‘“~*~*~*~*~*S*diNEWOTL~=C*NEOTE CC 
foooseaH _|CAN2-New Data 2Regisertigh——=~=S~*~“*‘“‘*“‘“~*~*dNEWOTRSCSC*SC:C:C‘CSC*dRSOC* 
aC 
foo0sAGH __|GAN2-lnterupt Pending! Registertow ——=S~*~*~*~S~S*«~NND =P 
foooaAiH | CAN2Interupt Pending tRegisterHigh ——=—SS~*~S«NPN |i 
foo0sAzH | CAN2-Interupt Pending 2RegisterLow ——=~=S~*~*~*~S~S*«~IN NOL «(NTN 
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nies cee 
0009A3H 
srs a 
}o00s80H | CAN2-Message Valid 1 RegisterLow | sALLA | MS@valt2 —[R_ 
Jooos81H | GAN2-Message Valid 1 RegisterHign savin | | 
joooss2H | CAN2-Message Valid @RegisterLow if savalal2 | Msavalee |R 
foooaeaH _[CANa-Message Vaid @Reqiserigh —=~S~*~S~S«w LCR 
ee 
Jcoer2 
a 
JOO0ADGH [GANS -ControlregisterLow nung [TRS [Rw 
OOOAOTH | GANS -ControlregisterHigh (reserved) cmH | 
JOooAOSH [CANS Status registerHigh (reserved) STATES | 
foooAosH | CANG- Error Counter Low (Tansmiy) ——~—~—S~S~S«w RCT iNT CR 
fO00A0SH | CANG-ErorCounterHigh (Receive) —=S=S=~“‘*‘“‘*~‘~*~*dERRTG:SCSC*dt;CSCSSSSSSC*dRCS 
JoooAO7H [CANS -Bit Timing Registerigh TS | 
OooAOH | CANS-InteruptRegisterLow TIALS RS SR 
OooAOGH | CANS-InteruptRegisterHigh RS | 
fO00A08H [GANG TestRegisterHigh eserves) ————=S=S=S*~*~“~*‘“‘*~*‘~*~*‘édTOSTN:COS*dtC*‘“COCC™C#d‘ACOCOC*’ 
SS 
a a 
JOo0A10H | GANS-IF1 Command request registerLow | IFCREGLS —iFicRE@s [RW 
JOOOAIH | CANS-IF1 Command request register High i itCREQHS | RW 
CANS - IF1 Command Mask register High (reserved) ‘iFicuskHs =— | tst—<‘<‘wRSCSCSSSY 
foooatsH _[CANO-IFt Mask TRegiterHigh——SSSOS~Sw SYS 
fO00A17H _|GANG-IFYMask@RegiserHigh——=S~*~“~*~*~“~*~*~*«*dRS KSC 
JOo0A1gH | CANS-IFt Arbitration 1 RegisterHigh tarts | 
foooatBH _[CANO-IFtAVbiraon 2Regiser igh ——~—SCS~S«w YS 
JOO0AIDH __|GANS-IF1 Message Control RegisterHigh ss itcTRS | Rw 
JOOOAIFH | CANS-IF1Dataat High iets | 
foooa2tH _|GANG-IFYDataAgHighSSSS~*~*~*~*~*~«*AG «YC 
foooazsH _|GANG-IFrDatagiHighSSSS*~‘“~*~*~*S*~*~*~S~S~S~«~d BHCC 
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Table 37-1. I/O map of MB96V300B 


serge | MON ae | _Aeoes 
joooa2sH | CANS-IF1DataBeHigh rte |W 
Be eee ee ee 
a 
000A43H CANS - IF2 Command Mask register High (reserved) ‘iFecmskHs =| tti(‘ié‘i RC 
JOOOAGSH | CANS-IF2Maskt RegisterHigh ast | RW 
JO00A47H | CANS-IF2Mask2RegisterHigh — rasatis |W 
ea LCE a a 
JOOOABH | CANS-IF2Arbitraion 2Register High aaa | RW 
OOOAADH | CANS-IF2 Message ControlRegisterHigh rams | RW 
fee fees amet en 
OOoaSIH | CANS-IF2DataaeHigh i iratacs =| RW 
joooassH | CANS-IFeDataBiHih raping |W 
CS a CB 
ee a 
TREGRIS | 
Se 
JO00As2H | CANS. Transmission Request2RegisterLow | TREGRALS | TREQRAS [RC 
JO00ASsH | CANS. Transmission Request2RegisterHigh | TREGRHS | TR 
a 
CSc | TC | TC 
mi Ao eae fi; 
Ce OR eC 
JO00AesH | CANS-NowData2RegisterHion Ss NEWOTAHS | TR 
a 
INTPNDIS | 
na ion  <seme | J 
JOO0AASH | CANS- Interrupt Pending 2RegisterHigh CL INTIPNDHS | 
ew 
JOooaBIH | CANS-Message Valid tReaisterHigh savas | 
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Table 37-1. I/O map of MB96V300B 


saves cee 
Q00AB2H 
QOOABSH __|CANS-Message Valid @RegisterHign | svateHs | 
Ce a 
QOOACEH __|CANS-Outputenableregister fc | 
A 
000B00H CANA - Control register Low 
JOOoBO1H | GAN4 Control registerHigh reserved) cmH | 
}o0oB03H [CANA Status registerHHigh (reserved) STATA | 
foooBosH [CANA Error Counter Low (Tansmi) ——~—~—S~S~S«S RRNA CR 
foo080sh [GANA Ever CourterHigh Receive) ——~S~*~*~“~*~“‘~*“*~“~*~*dERRCTSCSC*dtC:*‘“‘“CON™#C#‘#CdCRSOC*’ 
}oooB07H | GANA -Bit Timing RegisterHigh TRA | 
}oooB0sH | CANA -InteruptRegisterLow TIRE nA | 
}o00B0sH [CANA InteruptRegisterHigh RHA | 
[000808 [CANA TestRegiserHigh vesered) ——S~S~*~“~*~“~*~*~“~*~*~*dTSTISCSC*C*dtSCi‘CNS#C#*dASCOWOC*’ 
}OO0BODH | CAN4 BRP ExtensionregisterHigh (reserved) | BRPERHA || 
Ea 
foooaiiH _[CAN4-IF1 GommandvequestregsterHigh——=S~*~S~S~«*dCRE | 
CAN4 - IF1 Command Mask register High (reserved) ‘iFicmskH4 =| tttti‘wRS 
foooBtsH _[CANA-IFt Mask rRegiterHigh——SSSOSCS~S~S~Sw SK YS 
foo0ei7H _[CAN4-IF1 Mask2RegisertighSS~S~«w Ke | 
}o00B19H | CANA -IFt Arbitration 1 Register High tarts | 
foooB tH _[CAN4-IFt Arbitration 2Regiserigh ——~S~S«w |S 
[o00810H [CANA IF1 Message ContolRegiterHigh———SSSCS*~*~*~S~ CTI | 
oooB1FH CANA -IF1Dataat Hin dient | 
foooBai _[CANA-IFtDataazigh ——SSSCSC~S~S~S~S~S~«d OTA YS 
foooaeah _[CANA-IF1 Datasi igh SSSOSCS~S~«w | 
jooop2sH [CANA IF DataBeHigh iets | 
gett me 


000B40H CANA - IF2 Command request register Low IF2CREQL4 IF2CREQ4 
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Table 37-1. I/O map of MB96V300B 


=a 
f000B4iH | CAN4-IF2Command request register High CS IFCREQHA | RW 
000B43H CAN4 - IF2 Command Mask register High (reserved) irecmskH4 = | titi 
}000B4sH | CAN4-IF2Mask 1 RegisterHigh Cs IFMSKIHA | 
}000B47H | CAN4-IF2Mask2RegisterHigh SC IFQMSKQHA | RW 
me Io —— er 
JO00B4BH | CAN4-IF2 Arbitration 2RegisterHigh CS IF2ARBAHA | 
}000B4DH__—|CAN4-IF2Message Control RegisterHigh SSCS IFQMCTRHA | RW 
a a | 
foooBsiH | CAN4-IF2DataA2High ss SCSCSCid TAHA =| 
foooBssH | CAN4-IF2DataBiHigh = —C—C—~CSCSC~id TBA =| 
a 2c 
ee a 
STREQR14 

a 
fnai—[ tsetse ‘rst fii a 
a a 
ee ee ee a ee! 
pee IO ee rr ee 
}000B93H | CAN4-NewData2RegisterHigh SS SSCSCS~C~«dNEWOTZHA =| RT 
a 
a ini “oi hie yoo 
[See (CIE ST | 
JOOOBAZH | CAN4- Interrupt Pending 2Registerlow CS INTPND2L4 | INTPND24 [RO 
JOOOBASH | CAN4- Interrupt Pending 2RegisterHigh CS INTPNDZHA | LR 
Se 
JO00BBOH =| CAN4-Message Valid 1 Registerlow CS MSGVALILA | MSGVALIG, = [RO 
JOOOBB1H | CAN4-Message Valid 1 RegisterHign ss SCSCSC*MSGVALIHA =| TR 
JO00BB2H | CAN4-Message Valid 2Registerlow ss SSCSCMSGVALLA | MSGVAL2A IR 
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Table 37-1. I/O map of MB96V300B 


OOOBB4H- 


000BCDH 


000BCFH- 
OOOBFFH 


Explanation of write and read 
R/W: Both read and write enabled 
R: Only read enabled 

W: Only write enabled 


37.2 Instructions 


Appendix B describes the instructions used by the F°MC-16FX. 
37.2.1 Instruction Types 

37.2.2 Addressing 

37.2.3 Direct Addressing 

37.2.4 Indirect Addressing 

37.2.5 Execution Cycle Count 

37.2.6 Effective address field 

37.2.7 How to Read the Instruction List 


37.2.8 F°MC-16FX Instruction List 
37.2.9 Instruction Map 


37.2.1 Instruction Types 


The F*MC-16FX supports 351 types of instructions. Addressing is enabled by using an effective address field of each instruc- 
tion or using the instruction code itself. 


Instruction types 


The F°MC-16FX supports the following 351 types of instructions: 
41 transfer instructions (byte) 

38 transfer instructions (word or long word) 

42 addition/subtraction instructions (byte, word, or long word) 
12 increment/decrement instructions (byte, word, or long word) 
11 comparison instructions (byte, word, or long word) 

11 unsigned multiplication/division instructions (word or long word) 
11 signed multiplication/division instructions (word or long word) 
39 logic instructions (byte or word) 

6 logic instructions (long word) 

6 sign inversion instructions (byte or word) 


1 normalization instruction (long word) 
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18 shift instructions (byte, word, or long word) 

50 branch instructions 

6 accumulator operation instructions (byte or word) 
28 other control instructions (byte, word, or long word) 
21 bit operation instructions 


10 string instructions 


37.2.2 Addressing 


With the F°MC-16FX, the address format is determined by the instruction effective address field or the instruction code itself 
(implied). When the address format is determined by the instruction code itself, specify an address in accordance with the 
instruction code used. Some instructions permit the user to select several types of addressing. 


Addressing 


The F°MC-16FX supports the following 23 types of addressing: 
Immediate (#imm) 

Register direct 

Direct branch address (addr16) 

Physical direct branch address (addr24) 

I/O direct (io) 

Abbreviated direct address (dir) 

Direct address (addr16) 

I/O direct bit address (io:bp) 

Abbreviated direct bit address (dir:bp) 

Direct bit address (addr16:bp) 

Vector address (#vct) 

Register indirect (@RWj j = 0 to 3) 

Register indirect with post increment (@RWj+ j = 0 to 3) 
Register indirect with displacement (@RWi + disp8 i = 0 to 7, @RWj + disp16 j =0 to 3) 
Long register indirect with displacement (@RLi + disp8 i = 0 to 3) 
Program counter indirect with displacement (@PC + disp16) 
Register indirect with base index (@RWO + RW7, @RW1 + RW7) 
Program counter relative branch address (rel) 

Register list (rlst) 

Accumulator indirect (@A) 

Accumulator indirect branch address (@A) 

Indirectly-specified branch address (@ear) 

Indirectly-specified branch address (@eam) 
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Effective address field 


Table 37-2 lists the address formats specified by the effective address field. 


Table 37-2. Effective address field 


Representation Address format Default bank 


Register direct: Individual parts correspond to the 
byte, word, and long word types in order from the 
left. 


Register indirect 


Register indirect with post increment 


@RW0+disp8 
@RW1+disp8 
@RW2+disp8 
@RW3+disp8 
@RW4+disp8 
@RW5+disp8 
@RW6+disp8 
@RW7+disp8 
@RWO+disp16 
@RW1+disp16 
@RW2+disp16 
@RW3+disp16 
@RWO0+RW7 


Register indirect with 8-bit displacement 


Register indirect with 8-bit displacement 


Register indirect with 16-bit displacement 


Register indirect with index 
@RW1+RW7 Register indirect with index 
@PC+disp16 PC indirect with 16-bit displacement 


Direct address 
addr16 
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37.2.3 Direct Addressing 


An operand value, register, or address is specified explicitly in direct addressing mode. 
37.2.3.1_ Direct addressing 


Immediate addressing (#imm) 
Specify an operand value explicitly (#imm4/ #imm8/ #imm16/ #imm32). 


Figure 37-1. Example of immediate addressing (#imm) 


MOVW A, #01212H (This instruction stores the operand value in A.) 


2233:4455 


Before execution A 
After execution A |4455:1 21 2] (Some instructions transfer AL to AH.) 


Register direct addressing 


Specify a register explicitly as an operand. Table 37-3 lists the registers that can be specified. Figure 37-2 shows an example 
of register direct addressing. 


Table 37-3. Direct addressing registers 


page RSS 


*1: One of the user stack pointer (USP) and system stack pointer (SSP) is selected and used depending on 
the value of the S flag bit in the condition code register (CCR). For branch instructions, the program 
counter (PC) is not specified in an instruction operand but is specified implicitly. 


Figure 37-2. Example of register direct addressing 


MOV RO, A (This instruction transfers the eight low-order bits of A to the general-purpose 
register RO.) 


Before execution A 10716:2534 Memory space 


RO 2? 


After execution A 10716:2564 


Memory space 


RO 34 


Direct branch addressing (addr16) 


Specify an offset explicitly for the branch destination address. The size of the offset is 16 bits, which indicates the branch des- 
tination in the logical address space. Direct branch addressing is used for an unconditional branch, subroutine call, or soft- 
ware interrupt instruction. Bits 23 to 16 of the address are specified by the program bank register (PCB). 
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Figure 37-3. Example of direct branch addressing (addr16) 


JMP. 3B20H (This instruction causes an unconditional branch by direct branch addressing 
in a bank.) 


Before execution PC|3C20 PCB 


Memory space 


4F3C22H 3B 
4F3C21H 20 
4F3C20H 62 JMP 3B20H 


After execution PC[3B20 PCB 


4F3B20H | Next instruction 


Physical direct branch addressing (addr24) 


Specify an offset explicitly for the branch destination address. The size of the offset is 24 bits. Physical direct branch address- 
ing is used for unconditional branch, subroutine call, or software interrupt instruction. 


Figure 37-4. Example of direct branch addressing (addr24) 


JMPP 333B20H (This instruction causes an unconditional branch by direct branch 24-bit 
addressing.) 
Before execution 
PC[8C20] PCB eonceess 
4F3C23H 
4F3C22H 


4F3C21H 
4F3C20H JMPP 333B20H 


After execution PC[3B20 PCB 


333B20H |Next instruction 


I/O direct addressing (io) 


Specify an 8-bit offset explicitly for the memory address in an operand. The I/O address space in the physical address space 
from OOO000H to OOOOFFH is accessed regardless of the data bank register (DTB) and direct page register (DPR). A bank 
select prefix for bank addressing is invalid if specified before an instruction using I/O direct addressing. 


Figure 37-5. Example of I/O direct addressing (io) 


MOVW A, i:0COH (This instruction reads data by I/O direct addressing and stores it in A.) 
Before execution A |0716:2534 


Memory space 


OO000C1H}] FF 
OOOOCOH| EE 


After execution A |2534:FFEE 
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Abbreviated direct addressing (dir) 


Specify the eight low-order bits of a memory address explicitly in an operand. Address bits 8 to 15 are specified by the direct 
page register (DPR). Address bits 16 to 23 are specified by the data bank register (DTB). 


Figure 37-6. Example of abbreviated direct addressing (dir) 


MOVW S:;20H, A (This instruction writes the contents of the eight low-order bits of A in abbreviated 
direct addressing mode.) 


Before execution A 4455:1212 Memory space 
DTB 7766201 


After execution A 4455:1212 Memory space 


[66] DTB a 776620H 


Direct addressing (addr16) 


Specify the 16 low-order bits of a memory address explicitly in an operand. Address bits 16 to 23 are specified by the data 
bank register (DTB). A prefix instruction for access space addressing is invalid for this mode of addressing. 


Figure 37-7. Example of direct addressing (addr16) 


BRA 3B20H (This instruction causes an unconditional relative branch.) 


Before execution PC PCB [4 F] Memory space 


4F3C22H 
4F3C21H 


4F3C20H| 60 |BRA 3B20H 


4F3B20H 


After execution PC PcB[4 F] 


1/O direct bit addressing (io:bp) 


Specify bits in physical addresses 000000H to OOOOFFH explicitly. Bit positions are indicated by ":bp", where the larger num- 
ber indicates the most significant bit (MSB) and the lower number indicates the least significant bit (LSB). 


Figure 37-8. Example of I/O direct bit addressing (io:bp) 


SETB 1:0C1H: (This instruction sets bits by I/O direct bit addressing.) 
Memory space 


Before execution oo00ciH| 00 | 


After execution 0000C1H 


Abbreviated direct bit addressing (dir:bp) 


Specify the eight low-order bits of a memory address explicitly in an operand. Address bits 8 to 15 are specified by the direct 
page register (DPR). Address bits 16 to 23 are specified by the data bank register (DTB). Bit positions are indicated by ":bp", 
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where the larger number indicates the most significant bit (MSB) and the lower number indicates the least significant bit 
(LSB). 


Figure 37-9. Example of abbreviated direct bit addressing (dir:bp) 


SETB S:10H:0 (This instruction sets bits by abbreviated direct bit addressing.) 


Memory space 


Before execution DTB DPR 556610H 


Memory space 


After execution ptp DPR 556610H 


Direct bit addressing (addr16:bp) 


Specify arbitrary bits in 64 kilobytes explicitly. Address bits 16 to 23 are specified by the data bank register (DTB). Bit posi- 
tions are indicated by ":bp", where the larger number indicates the most significant bit (MSB) and the lower number indicates 
the least significant bit (LSB). 


Figure 37-10. Example of direct bit addressing (addr16:bp) 


SETB 2222H:0 (This instruction sets bits by direct bit addressing.) 


Memory space 
Before execution DTB 552222H 


Memory space 


After execution DTB 552222H 


Vector Addressing (#vct) 


Specify vector data in an operand to indicate the branch destination address. There are two sizes for vector numbers: 4 bits 
and 8 bits. Vector addressing is used for a subroutine call or software interrupt instruction. 


Figure 37-11. Example of vector addressing (#vct) 


CALLV #15 (This instruction causes a branch to the address indicated by the interrupt vector 
specified in an operand.) 


Before execution PC |0000 Memory space 


PCB FFFFE1H| DO | 
FFFFEOH| 00 | 


After execution PC |D000 


PCB FFCO00H CALLV #15 
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Table 37-4. CALLV vector list 


Note: A PCB register value is set in XX. 


Note: 


When the program bank register (PCB) is FF,,, the vector area overlaps the vector area of INT #vct8 (#0 to #7). Use vector 
addressing carefully (see Table 37-4). 


37.2.4 — Indirect Addressing 
In indirect addressing mode, an address is specified indirectly by the address data of an operand. 


37.2.4.1_ Indirect addressing 


Register indirect addressing (@RWj j = 0 to 3) 


Memory is accessed using the contents of general-purpose register RWj as an address. Address bits 16 to 23 are indicated 
by the data bank register (DTB) when RWO or RW1 is used, system stack bank register (SSB) or user stack bank register 
(USB) when RWS is used, or additional data bank register (ADB) when RW2 is used. 
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Figure 37-12. Example of register indirect addressing (@RWij j = 0 to 3) 


MOVW A, @RW1_ (This instruction reads data by register indirect addressing and stores it in A.) 


Before execution A |0716:2534 Memory space 


RW1 DTB 78D310H 
78D30FH 


After execution A |2534:FFEE 


RW pre 


Register indirect addressing with post increment (@RWj+ j = 0 to 3) 


Memory is accessed using the contents of general-purpose register RWj as an address. After operand operation, RWj is 
incremented by the operand size (1 for a byte, 2 for a word, or 4 for a long word). Address bits 16 to 23 are indicated by the 
data bank register (DTB) when RWO or RW1 is used, system stack bank register (SSB) or user stack bank register (USB) 
when RWS is used, or additional data bank register (ADB) when RW2 is used. 


If the post increment results in the address of the register that specifies the increment, the incremented value is referenced 
after that. In this case, if the next instruction is a write instruction, priority is given to writing by an instruction and, therefore, 
the register that would be incremented becomes write data. 


Figure 37-13. Example of register indirect addressing with post increment (@RWj+ j = 0 to 3) 


MOVW A, @RW1+ (This instruction reads data by register indirect addressing with post 
increment and stores it in A.) 


Before execution A |0716:2534 Memory space 


RW1 DTB 78D310H 
78D30FH 


After execution A |2534:FFEE 


AW DTe 


Register indirect addressing with offset (@RWi + disp8 i = 0 to 7, @RWj + disp16 j = 0 to 3) 


Memory is accessed using the address obtained by adding an offset to the contents of general-purpose register RWj. Two 
types of offset, byte and word offsets, are used. They are added as signed numeric values. Address bits 16 to 23 are indi- 
cated by the data bank register (DTB) when RWO, RW1, RW4, or RW5 is used, system stack bank register (SSB) or user 
stack bank register (USB) when RW3 or RW7 is used, or additional data bank register (ADB) when RW2 or RW6 is used. 
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Figure 37-14. Example of register indirect addressing with offset (@RWi + disp8 i = 0 to 7, @RWj + disp16 j = 0 to 3) 


MOVW A, @RW1+10H (This instruction reads data by register indirect addressing with an 
offset and stores it in A.) 


Before execution A |0716:2534 Memory space 
D30F| DTB|7 


RW1[D30F] 78D320H 
78D31FH 
( 


+10H) 


After execution A 
RW1 pTB [78] 


Long register indirect addressing with offset (@RLi + disp8 i = 0 to 3) 


Memory is accessed using the address that is the 24 low-order bits obtained by adding an offset to the contents of general- 
purpose register RLi. The offset is 8-bits long and is added as a signed numeric value. 


Figure 37-15. Example of long register indirect addressing with offset (@RLi + disp8 i = 0 to 3) 


MOVW A, @RL2+25H (This instruction reads data by long register indirect addressing with an 
offset and stores it in A.) 


Before execution A |0716:2534 Memory space 


RL2 |F382:4B02 824B28H | FF | 
824B27H 
(+25H) =) 


After execution A |2534:FFEE 
RL2 |}F382:4B02 


Program counter indirect addressing with offset (@PC + disp16) 


Memory is accessed using the address indicated by (instruction address + 4 + disp16). The offset is one word long. Address 
bits 16 to 23 are specified by the program bank register (PCB). Note that the operand address of each of the following instruc- 
tions is not deemed to be (next instruction address + disp16): 


m= DBNZ eam, rel 

DWBNZ eam, rel 

CBNE eam, #imm8, rel 
CWBNE eam, #imm16, rel 
MOV eam, #imm8 

MOVW eam, #imm16 
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Figure 37-16. Example of program counter indirect addressing with offset (@PC + disp16) 


MOVW A, @PC+20H (This instruction reads data by program counter indirect addressing with a 
offset and stores it in A.) 


Before execution A |0716:2534 Memory space 


PCB [C5] PC C5457BH 
C5457AH 


After execution A C5455AH| 
+20H ¢54559H| 00 _| 
pcp [C5]PC[455A] *4 c54558H seer 
z C54557H eerie 
C54556H 


Register indirect addressing with base index (@RW0 + RW7, @RW1 + RW7) 


Memory is accessed using the address determined by adding RWO or RW1 to the contents of general-purpose register RW7. 
Address bits 16 to 23 are indicated by the data bank register (DTB). 


Figure 37-17. Example of register indirect addressing with base index (@RWO + RW7, @RW1 + RW7) 


MOVW A, @RW1+RW7 (This instruction reads data by register indirect addressing with a 
base index and stores it in A.) 


Before execution A |0716:2534 Memory space 


RW1 DTB 78D411H 
+ | 78D410H 
RW7 i 


After execution A 
RW1 DTB 
AW? 


Program counter relative branch addressing (rel) 


The address of the branch destination is a value determined by adding an 8-bit offset to the program counter (PC) value. If the 
result of addition exceeds 16 bits, bank register incrementing or decrementing is not performed and the excess part is 
ignored, and therefore the address is contained within a 64-kilobyte bank. This addressing is used for both conditional and 
unconditional branch instructions. Address bits 16 to 23 are indicated by the program bank register (PCB). 


Figure 37-18. Example of program counter relative branch addressing (rel) 


BRA 3B20H (This instruction causes an unconditional relative branch.) 
Before execution PC [3020] PCB Memory space 


4F3C22H 
4F3C21H 


4F3C20H| 60 |BRA 3B20H 


After execution PC PCB[4F| 


4F3B20H |Next instruction 
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Register list (rist) 
Specify a register to be pushed onto or popped from a stack. 


Figure 37-19. Configuration of the register list 


MSB LSB 


rw [mw | [rs ro] 


A register is selected when the corresponding bit is 1 and deselected when the bit is 0. 


Figure 37-20. Example of register list (rlist) 


POPW RWO, RW4 (This instruction transfers memory data indicated by the SP to multiple 
word registers indicated by the register list.) 


SP [34F A) SP [34FE| 


SP—> 34FAH 


Before execution After execution 


Accumulator indirect addressing (@A) 


Memory is accessed using the address indicated by the contents of the low-order bytes (16 bits) of the accumulator (AL). 
Address bits 16 to 23 are specified by a mnemonic in the data bank register (DTB). 
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Figure 37-21. Example of accumulator indirect addressing (@A) 


MOVW A, @A (This instruction reads data by accumulator indirect addressing and stores it in A.) 


Before execution A |0716:2534 Memory space 
DTB BB2535H 


BB2534H 


After execution A |0716:FFEE 
DTB 


Accumulator indirect branch addressing (@A) 


The address of the branch destination is the content (16 bits) of the low-order bytes (AL) of the accumulator. It indicates the 
branch destination in the bank address space. Address bits 16 to 23 are specified by the program bank register (PCB). For 
the Jump Context (JCTX) instruction, however, address bits 16 to 23 are specified by the data bank register (DTB). This 
addressing is used for unconditional branch instructions. 


Figure 37-22. Example of accumulator indirect branch addressing (@A) 


JMP @A (This instruction causes an unconditional branch by accumulator indirect branch 
addressing.) 


Before execution pc [3C20] PCB Memory space 
A [6677 :3B20 sracooH [61 JMP @A 


4F3B20H [reach 


After execution PC [3B20] PCB[4F] 
A [6677:3B20 


Indirect specification branch addressing (@ear) 
The address of the branch destination is the word data at the address indicated by ear. 


Figure 37-23. Example of indirect specification branch addressing (@ear) 


JMP @@RWO (This instruction causes an unconditional branch by register indirect addressing.) 


Before execution Pc [3C20]| PCB Memory space 


4F3C21H| 08 | 
4F3C20H JMP @@RWO 


4F3B20H |Next instrudtion 


After execution PC PCB[4 F] 217F49H 
217F48H 
Pwo DTB 


Indirect specification branch addressing (@eam) 


The address of the branch destination is the word data at the address indicated by eam. 
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Figure 37-24. Example of indirect specification branch addressing (@eam) 


JMP @RWO (This instruction causes an unconditional branch by register indirect addressing.) 


Before execution PC [3C20] PCB Memory space 


Pwo |3B20 4F3C21H| 00 | 
4F3C20H JMP @RWO 


After execution pc [3B20] PCB 4F3B20H [Reman 
Pwo |3B20 


37.2.5 Execution Cycle Count 


The execution cycle count for 16FX is TBD and will be shown here in a future version of the hardware manual. 
37.2.6 — Effective address field 

Table 37-5 shows the effective address field. 

Effective Address Field 


Table 37-5. Effective address field 


‘ Byt t of 
Representation Address format sel ne part 
00 RO RWO RLO 


Register direct: Individual parts correspond to 
the byte, word, and long word types in order 
from the left. 


Register indirect 


Register indirect with post increment 
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Table 37-5. Effective address field<ltalic> (continued) 


Byte count of 
Representation Address format extended address part 


@RW0+disp8 

@RW1+disp8& 

@RW2+disp8 

@RW3+disp8 : . . — 

@RW4-+disp8 Register indirect with 8-bit displacement 1 

+disp 

@RWS5+disp8 

@RW6+disp8 

@RW7+disp8 
0 
0 
2 


@RW0O+disp16 

@RW1+disp16 

@RW2+disp16 

@RW3+disp16 

@RW0+RW7 Register indirect with index 
@RW1+RW7 Register indirect with index 
@PC-+disp16 PC indirect with 16-bit displacement 
addr16 Direct address 


Register indirect with 16-bit displacement 


*1: Each byte count of the extended address part applies to + in the # (byte count) column in 37.2.8 F°MC-16FX 
Instruction List. 


37.2.7 How to Read the Instruction List 


Table 37-6 describes the items used in the F°MC-16FX Instruction List, and Table 37-7 describes the symbols used in the 
same list. 
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37.2.7.1_ Description of instruction presentation items and symbols 


Table 37-6. Description of items in the instruction list 


Uppercase, symbol: Represented as is in the assembler. 
Mnemonic Lowercase: Rewritten in the assembler. 
Number of following lowercase: Indicates bit length in the instruction. 
| le Indicates the number of bytes. 
Indicates the number of cycles. 
~ See Table 37-2 for the alphabetical letters in items. 


Indicates the correction value used to calculate the actual number of cycles during instruction execution. 
The actual number of cycles during instruction execution can be determined by adding the value inthe ~ 
column to this value. 

Operation Indicates the instruction operation. 


Indicates the special operation for bits 15 to 08 of the accumulator. 
Z: Transfers 0. 

X: Transfers after sign extension. 

-: No transfer 


Indicates the special operation for the 16 high-order bits of the accumulator. 
*: Transfers from AL to AH. 

-: No transfer 

Z: Transfers 00 to AH. 

X: Transfers 00}, or FF,, to AH after AL sign extension. 


Each indicates the state of each flag: | (interrupt enable), S (stack), T (sticky bit), N (negative), Z (zero), V 
(overflow), C (carry). 


*: Changes upon instruction execution. 
-: No change 

Z: Set upon instruction execution. 

X: Reset upon instruction execution. 


Indicates whether the instruction is a Read Modify Write instruction (reading data from memory by the | 
instruction and writing the result to memory). 


*: Read Modify Write instruction 

-: Not Read Modify Write instruction 

Note: 
Cannot be used for an address that has different meanings between read and 
write operations. 


The bit length used varies depending on the 32-bit accumulator instruction. 
Byte: Low-order 8 bits of byte AL 

Word: 16 bits of word AL 

Long word: 32 bits of AL and AH 


16 high-order bits of A 


16 low-order bits of A 


Stack pointer (USP or SSP) 
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Table 37-7. Explanation on symbols in the instruction List<ltalic> (continued) 


a 
(eR ovens 


addrl6 Direct addressing 
addr24 Physical direct addressing 
ad24 0-15 Bits 0 to 15 of addr24 
ad24 16-23 Bits 16 to 23 of addr24 
/O area (OQ00000H to OO0OFFH) 
#imm4 4-bit immediate data 
#imm8s 8-bit immediate data 
#imm16 16-bit immediate data 


#imm32 32-bit immediate data 


ext (imm§8) 16-bit data obtained by sign extension of 8-bit immediate data 


8-bit displacement 

16-bit displacement 

Vector number (0 to 15) 

Vector number (0 to 255) 

PC relative branch 

Effective addressing (code 00 to 07) 


Effective addressing (code 08 to 1F) 


770 MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


Sm CYPRESS 


“age” «= EMBEDDED IN TOMORROW Appendix 


37.2.8 F°MC-16FX Instruction List 


Table 37-8 to Table 37-25 list the instructions used by the F°MC-16FX. 


F2MC-16FX instruction list 


Table 37-8. 41 Transfer instructions (byte) 


— aii 


MOV A.dir 

MOV A,addr16 
MOV A,Ri 

MOV A,ear 

MOV A,eam 

MOV A, io 

MOV A,#imms 
MOV A,@A 

MOV A,@RLitdisp8 
MOVN A,#imm4 
MOVX A,dir 

MOVxX A, addr16 
MOVX A,Ri 

MOVX A, ear 
MOVX A,eam 
MOVX A,io 

MOVX A,#imms 
MOVX A,@A 
MOVX A, @RWi+disp8 
MOVX A, @RLitdisp8 
MOV dir,A 

MOV addr16,A 
MOV Ri,A 

MOV ear,A 

MOV eam,A 

MOV io,A 

MOV @RLitdisp8,A 
MOV Ri,ear 

MOV Ri,eam 

MOV ear,Ri 

MOV eam,Ri 

MOV Ri,#imms 
MOV io,#imm8 
MOV dir,#imms 
MOV ear,#imm8 
MOV eam,#imm8 
MOV @AL,AH / MOV @A,T 
XCH A,ear 

XCH A,eam 

XCH Ri,ear 

XCH Ri,eam 


byte (A) <-- (dir) 

byte (A) <-- (addr16) 
byte (A) <-- (Ri) 

byte (A) <-- (ear) 

byte (A) <-- (eam) 

byte (A) <-- (io) 

byte (A) <-- imm8 

byte (A) <-- ((A)) 

byte (A) <-- ((RLi)+disp8) 
byte (A) <-- imm4 

byte (A) <-- (dir) 

byte (A) <-- (addr16) 
byte (A) <-- (Ri) 

byte (A) <-- (ear) 

byte (A) <-- (eam) 

byte (A) <-- (io) 

byte (A) <-- imm8& 

byte (A) <-- ((A)) 

byte (A) <-- ((RWi)+disp8) 
byte (A) <-- ((RLi)+disp8 
byte (dir) <-- (A) 

byte (addr16) <-- (A) 
byte (Ri) <-- (A) 

byte (ear) <-- (A) 

byte (eam) <-- (A) 

byte (io) <-- (A) 

byte ((RLi)+disp8) <-- (A) 
byte (Ri) <-- (ear) 

byte (Ri) <-- (eam) 

byte (ear) <-- (Ri) 

byte (eam) <-- (Ri) 

byte (Ri) <-- imm8 

byte (io) <-- imm8 

byte (dir) <-- imm8 

byte (ear) <-- imm8 

byte (eam) <-- imm8 


byte ((A)) <-- (AH) 


byte (A) <--> (ear) 


byte (A) <--> (eam) 
byte (Ri) <--> (ear) 


byte (Ri) <--> (eam) 
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Table 37-9. 38 Transfer instructions (word / long word) 


MOVW A,addr16 
MOVW A,SP 

MOVW A,RWi 
MOVW A,ear 

MOVW A,eam 

MOVW A,io 

MOVW A,@A 

MOVW A,#imm16 
MOVW A,@RWi+disp8 
MOVW A,@RLitdisp8 
MOVW dir,A 

MOVW addr16,A 
MOVW SPA 

MOVW RWi,A 
MOVW ear,A 

MOVW eam,A 
MOVW io,A 


MOVW @RWitdisp8,A 
MOVW @RLitdisp8,A 
MOVW RWi,ear 
MOVW 


MOVW ear,Rwi 
MOVW eam,Rwi 
MOVW RWi,#imm16 
MOVW io,#imm16 
MOVW ear,#imm16 
MOVW eam,#imm16 
MOVW @AL,AH / MOVW @A,T 
XCHW A,ear 

XCHW A,eam 
XCHW RWi, ear 
XCHW RWi, eam 
MOVL A,ear 
MOVLA,eam 
MOVLA,#imm32 


MOVL ear,A 
MOVL eam,A 


772 


Operation iL, 
H 


word (A) <-- (dir) 

word (A) <-- (addr16) 
word (A) <-- (SP) 

word (A) <-- (RWi) 

word (A) <-- (ear) 

word (A) <-- (eam) 

word (A) <-- (io) 

word (A) <-- ((A)) 

word (A) <-- imm16 

word (A) <-- ((RWi)+disp8) 
word (A) <-- ((RLi)+disp8) 
word (dir) <-- (A) 

word (addr16) <-- (A) 
word (SP) <-- (A) 

word (RWi) <-- (A) 

word (ear) <-- (A) 

word (eam) <-- (A) 

word (io) <-- (A) 

word ((RWi)+disp8) <-- (A) 
word ((RLi)+disp8) <-- (A) 
word (RWi) <-- (ear) 

word (RWi) <-- (eam) 
word (ear) <-- (RWi) 

word (eam) <-- (RWi) 
word (RWi) <-- imm16 
word (io) <-- imm16 

word (ear) <-- imm16 
word (eam) <-- imm16 
word ((A)) <-- (AH) 

word (A) <--> (ear) 

word (A) <-- >(eam) 

word (RWi) <--> (ear) 
word (RWi) <--> (eam) 
long (A) <-- (ear) 

long (A) <-- (eam) 

long (A) <-- imm32 

long (earl) <-- (A) 
long(eam1) <-- (A) 


ae’ 
ws 


CYPRESS 
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Table 37-10. 42 Addition/subtraction instructions (byte, word, long word) 


— aia ae 
H 


byte (A) <-- (A) + imm8 

byte (A) <-- (A) + (dir) 

byte (A) <-- (A) + (ear) 

byte (A) <-- (A) + (eam) 

byte (ear) <-- (ear) + (A) 

byte (eam) <-- (eam) + (A) 
byte (A) <-- (AH) + (AL) + (C) 
byte (A) <-- (A) + (ear)+ (C) 


A,eam byte (A) <-- (A) + (eam)+ (C) 


A byte (A) <-- (AH) + (AL) + (C) 
(decimal) 


A,#imm8 byte (A) <-- (A) - imm8 
A,dir byte (A) <-- (A) - (dir) 
A,ear byte (A) <-- (A) - (ear) 
A,eam byte (A) <-- (A) - (eam) 


ear,A byte (ear) <-- (ear) - (A) 

eam,A byte (eam) <-- (eam) - (A) 
byte (A) <-- (AH) - (AL) - (C) 
byte (A) <-- (A) - (ear) - (C) 
byte (A) <-- (A) - (eam) - (C) 


byte (A) <-- (AH) - (AL) - (C) 
(decimal) 


word (A) <-- (AH) + (AL) 
word (A) <-- (A) + (ear) 
word (A) <-- (A) + (eam) 
word (A) <-- (A) + imm16 
word (ear) <-- (ear) + (A) 
word (eam) <-- (eam) + (A) 
word (A) <-- (A) + (ear) + (C) 
word (A) <-- (A) + (eam) + (C) 
word (A) <-- (AH) - (AL) 
word (A) <-- (A) - (ear) 
word (A) <-- (A) - (eam) 
word (A) <-- (A) - imm16 
word (ear) <-- (ear) - (A) 
word (eam) <-- (eam) - (A) 
word (A) <-- (A) - (ear) - (C) 
word (A) <-- (A) - (eam) - (C) 
long (A) <-- (A) + (ear) 
long (A) <-- (A) + (eam) 
A,#fimm32 long (A) <-- (A) + imm32 
A,ear long (A) <-- (A) - (ear) 
A,eam long (A) <-- (A) - (eam) 
A#fimm32 long (A) <-- (A) - imm32 
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Table 37-11. 12 Increment/decrement instructions (byte, word, long word) 


Operation 


byte (ear) <-- (ear) + 1 


byte (eam) <-- (eam) + 1 


byte (ear) <-- (ear) - 1 
byte (eam) <-- (eam) - 1 
word (ear) <-- (ear) + 1 


word (eam) <-- (eam) + 1 


word (ear) <-- (ear) - 1 
word (eam) <-- (eam) - | 
long (ear) <-- (ear) + 1 


long (eam) <-- (eam) + 1 


long (ear) <-- (ear) - 1 


long (eam) <-- (eam) - 1 


byte (AH) - (AL) 
byte (A) - (ear) 
byte (A) - (eam) 
byte (A) - imm8 
word (AH) - (AL) 
word (A) - (ear) 
word (A) - (eam) 
word (A) - imm16 
long (A) - (ear) 
long (A) - (eam) 
A,#imm32 long (A) - imm32 
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Table 37-13. 11 Unsigned multiplication/division instructions (word, long word) 


H|H 


word (AH) / byte (AL) a 
quotient --> byte (AL) remainder --> byte (AH) 

word (A) / byte (ear) 

quotient --> byte (A) remainder --> byte (ear) 

word (A) / byte (eam) 

quotient --> byte (A) remainder --> byte (eam) 

long (A) / word (ear) 

quotient --> word (A) remainder --> word (ear) 

long (A) / word (eam) 

quotient --> word (A) remainder --> word (eam) 


byte (AH) * byte (AL) --> word (A) 
byte (A) * byte (ear) --> word (A) 
byte (A) * byte (eam) --> word (A) 
word (AH) * word (AL) --> Long (A) 
word (A) * word (ear) --> Long (A) 
word (A) * word (eam) --> Long (A) 


A S || 1 Z 
H 


word (AH) / byte (AL) 

quotient --> byte (AL) remainder --> byte (AH) 
word (A) / byte (ear) 

quotient --> byte (A) remainder --> byte (ear) 
word (A) / byte (eam) 

quotient --> byte (A) remainder --> byte (eam) 
long (A) / word (ear) 

quotient --> word (A) remainder --> word (ear) 
long (A) / word (eam) 

quotient --> word (A) remainder --> word (eam) 
byte (AH) * byte (AL) --> word (A) 

byte (A) * byte (ear) --> word (A) 

byte (A) * byte (eam) --> word (A) 

word (AH) * word (AL) --> Long (A) 

word (A) * word (ear) --> Long (A) 

word (A) * word (eam) --> Long (A) 
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Table 37-15. 39 Logic 1 instructions (byte, word) 


— eee BT 


byte (A) <-- (A) and imm8s 
byte (A) <-- (A) and (ear) 

byte (A) <-- (A) and (eam) 
byte (ear) <-- (ear) and (A) 


7A PRR DW 


byte (eam) <-- (eam) and (A) 


A,#imm8 byte (A) <-- (A) or imm8 


A,ear byte (A) <-- (A) or (ear) 


A,eam byte (A) <-- (A) or (eam) 
ear,A byte (ear) <-- (ear) or (A) 


7A FF WF DW 


eam,A byte (eam) <-- (eam) or (A) 


A,#imm8 byte (A) <-- (A) xor imm8 
A,ear byte (A) <-- (A) xor (ear) 
A,eam byte (A) <-- (A) xor (eam) 

byte (ear) <-- (ear) xor (A) 

byte (eam) <-- (eam) xor (A) 

byte (A) <-- not (A) 

byte (ear) <-- not (ear) 

byte (eam) <-- not (eam) 

word (A) <-- (AH) and (A) 
A,#imm16 word (A) <-- (A) and imm16 
A,ear word (A) <-- (A) and (ear) 
A,eam word (A) <-- (A) and (eam) 


ear,A word (ear) <-- (ear) and (A) 


7A PRR RADA FFF FWP RFA 


eam,A word (eam) <-- (eam) and (A) 


A word (A) <-- (AH) or (A) 
A,#imm16 word (A) <-- (A) or imm16 
A,ear word (A) <-- (A) or (ear) 
A,eam word (A) <-- (A) or (eam) 


ear,A word (ear) <-- (ear) or (A) 


7A FF FF DW 


eam,A word (eam) <-- (eam) or (A) 


word (A) <-- (AH) xor (A) 
word (A) <-- (A) xor imm16 
word (A) <-- (A) xor (ear) 
word (A) <-- (A) xor (eam) 
word (ear) <-- (ear) xor (A) 
word (eam) <-- (eam) xor (A) 
word (A) <-- not (A) 


word (ear) <-- not (ear) 


ARF PFA RFF WF AW 


word (eam) <-- not (eam) 
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Table 37-16. 6 Logic 2 instructions (long word) 


long (A) <-- (A) and (ear) 


long (A) <-- (A) and (eam) 


long (A) <-- (A) or (ear) 
long (A) <-- (A) or (eam) 


long (A) <-- (A) xor (ear) 


long (A) <-- (A) xor (eam) 


Table 37-17. 6 Sign inversion instructions (byte, word) 


byte (A) <-- 0 - (A) 
byte (ear) <-- 0 - (ear) 
byte (eam) <-- 0 - (eam) 


word (A) <-- 0 - (A) 


word (ear) <-- 0 - (ear) 


word (eam) <-- 0 - (eam) 


Table 37-18. 1 Normalization instruction (long word) 


NRML AR long (A) <-- Shifts to the position where 'I' is set for 
the first time. 
byte (RD) <-- Shift count at that time 
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Table 37-19. 18 Shift instructions (byte, word, long word) 


— a ii 


byte (A) <-- With right rotation carry 
byte (A) <-- With left rotation carry 


byte (ear) <-- With right rotation carry 
byte (eam) <-- With right rotation carry 
byte (ear) <-- With left rotation carry 


byte (eam) <-- With left rotation carry 


byte (A) <-- Arithmetic right shift (A, 1 bit) 
byte (A) <-- Logical right barrel shift (A, RO) 
byte (A) <-- Logical left barrel shift (A, RO) 
word (A) <-- Arithmetic right shift (A, 1 bit) 
word (A) <-- Logical right shift (A, 1 bit) 
A/SHLW A word (A) <-- Logical left shift (A, 1 bit) 


A,RO word (A) <-- Arithmetic right barrel shift (A, RO) 


A,RO word (A) <-- Logical right barrel shift (A, RO) 

A,RO word (A) <-- Logical left barrel shift (A, RO) 
long (A) <-- Arithmetic right barrel shift (A, RO) 
long (A) <-- Logical right barrel shift (A, RO) 


long (A) <-- Logical left barrel shift (A, RO) 
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Table 37-20. 31 Branch 1 instructions 


Branch on (Z) = 1 

Branch on (Z) = 0 

Branch on (C) = 1 

Branch on (C) = 0 

Branch on (N) = 1 

Branch on (N) =0 

Branch on (V) = 1 

Branch on (V) =0 

Branch on (T) = 1 

Branch on (T) =0 

Branch on (V) nor (N) = 1 

Branch on (V) nor (N) = 0 
Branch on ((V) xor (N)) or (Z) = 1 
Branch on ((V) xor (N)) or (Z) =0 
Branch on (C) or (Z) = 1 

Branch on (C) or (Z) = 0 


2 
2 
2 
2 
2: 
2. 
2: 
2 
2, 
2, 
2 
2 
2 
2 
2 
2 
2, 


Unconditional branch 

word (PC) <-- (A) 

word (PC) <-- addr16 

word (PC) <-- (ear) 

word (PC) <-- (eam) 

word (PC) <-- (ear), (PCB) <-- (ear+2) 

word (PC) <-- (eam), (PCB) <-- (eam+2) 

word (PC) <-- ad24 0-15, (PCB) <-- ad24 16-23 
word (PC) <-- (ear) 

addr16 *5 word (PC) <-- (eam) 

@eam *4 word (PC) <-- addr16 

#vet4 *5 Vector call instruction 

@ear *6 word (PC) <-- (ear)0-15, (PCB) <-- (ear) 16-23 
@eam *6 word (PC) <-- (eam)0-15, (PCB) <-- (eam) 16-23 


a ee 


*3: Read (word) of branch destination address 

*4: W: Save to stack (word) R: Read (word) of branch destination address 

*5: Save to stack (word) 

*6: W: Save to stack (long word), R: Read (long word) of branch destination address 
*7; Save to stack (long word) 
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Table 37-21. 19 Branch 2 instructions 


H|H 

CBNE A#fimm8,rel 3 Branch on byte (A) not equal to imm8 * 
CWBNE_ | A,#imm16,rel 4 Branch on word (A) not equal to imm16 ‘ 

ear,#imm8,rel 4 Branch on byte (ear) not equal to imm8 

eam,#imm8,rel *9 Branch on byte (eam) not equal to imm8 

ear,#imm16,rel Branch on word (ear) not equal to imm16 

eam,#imm16,rel*9 Branch on word (eam) not equal to imm16 

ear,rel Branch on byte (ear) = (ear) - 1, (ear) not equal to 0 


eam,rel Branch on byte (eam) = (eam) - 1, (eam) not equal to 0 


ear,rel Branch on word (ear) = (ear) - 1, (ear) not equal to 0 


eam,rel Branch on word (eam) = (eam) - 1, (eam) not equal to 0 


#vct8 Software interrupt 
addrl6 Software interrupt 
addr24 Software interrupt 

Software interrupt 


RETI Return from interrupt 

LINK #imm8 2 Saves the old frame pointer in the stack upon entering the function, 
then sets the new frame pointer and reserves the local pointer area. 

UNLINK Recovers the old frame pointer from the stack upon exiting the 
function. 

RET *10 Return from subroutine 

RETP ig til i Return from subroutine 


*9: Do not use RWj+ addressing mode with a CBNE or CWBNE instruction. 
*10: Return from stack (word) 
*11: Return from stack (long word) 
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Table 37-22. 28 Other control instructions (byte, word, long word) 


— a 
— 


AND poe fa. #imm8 2 
CCR,#imm8 2 


Operation 


word (SP) <-- (SP) - 2, ((SP)) <-- (A) 
word (SP) <-- (SP) - 2, ((SP)) <-- (AH) 
word (SP) <-- (SP) - 2, ((SP)) <-- (PS) 
(SP) <-- (SP) - 2n, ((SP)) <-- (rlst) 
word (A) <-- ((SP)), (SP) <-- (SP) + 2 
word (AH) <-- ((SP)), (SP) <-- (SP) +2 
word (PS) <-- ((SP)), (SP) <-- (SP) + 2 
(rst) <-- ((SP)), (SP) <-- (SP) 


byte (CCR) <-- (CCR) and imms 
byte (CCR) <-- (CCR) or imm8 


Appendix 


* = 4 as 5 2 “ = 


| | Context switch instruction eels 


RP,#imm8 2 byte (RP) <-- imm8 
ILM,#imm' 2 byte (ILM) <-- imm8s 


aa 


ADDSP #imm8 2, 
ADDSP #imm16 3 


word (RWi) <-- ear 

word (RWi) <-- eam 

word (A) <-- ear 

word (A) <-- eam 

word (SP) <-- ext(imm8) 

word (SP) <-- imm16 

byte (A) <-- (brg1) 

byte (brg2) <-- (A) 

No operation 

Prefix code for AD space access 
Prefix code for DT space access 
Prefix code for PC space access 
Prefix code for SP space access 


Prefix code for flag no-change 


Prefix code for common register bank 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


781 


Sm CYPRESS 


Appendix “a «= EMBEDDED IN TOMORROW 


Table 37-23. 21 Bit operand instructions 


— PL 
Z 


A,dir:bp byte (A) <-- (dir:bp)b 
A,addr16:bp byte (A) <-- (addr16:bp)b 
A,io:bp byte (A) <-- (io:bp)b 
dir:bp,A bit (dir:bp)b <-- (A) 
addr16:bp,A bit (addr16:bp)b <-- (A) 
io:bp,A bit (io:bp)b <-- (A) 

dir:bp bit (dir:bp)b <-- 1 
addr16:bp bit (addr16:bp)b <-- 1 

bit (io:bp)b <-- 1 

bit (dir:bp)b <-- 0 

bit (addr16:bp)b <-- 0 

bit (io:bp)b <-- 0 

Branch on (dir:bp) b = 0 
Branch on (addr16:bp) b = 0 
Branch on (io:bp) b = 0 


Branch on (dir:bp) b = 1 
Branch on (addr16:bp) b = 1 
io:bp,rel Branch on (io:bp) b = 1 


Ea eC 6ST Sa 
wars [iow [>| | ]veismiriompe=1 1. -- 
Fware —Lioee [> | | [Was wndonpveo 1-1-1. .-11t. 


io:bp 

dir:bp 
addr1l6:bp 
io:bp 
dir:bp,rel 
addr16:bp,rel 


io:bp,rel 
dir:bp,rel 
addr16:bp,rel 


3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
4 
4 
5. 
4 


Table 37-24. 6 Accumulator operation instructions (byte, word) 


SWAP byte (A)0-7 <--> (A)8-15 
SWAPW / XCHW A,T word (AH) <--> (AL) 
EXT Byte sign extension 
EXTW Word sign extension 
ZEXT Byte zero extension 
ZEXTW Word zero extension 
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Table 37-25. 10 String instructions 


— aan — 


MOVS / MOVSI byte transfer @AH+ <-- @AL+, counter = RWO 


MOVSD byte transfer @AH- <-- @AL-, counter = RWO 


SCEQ / SCEQI byte search @AH+ <-- AL, counter RWO 
SCEQD byte search @AH- <-- AL, counter RWO 
FILS / FILSI byte fill @AH+ <-- AL, counter RWO 


MOVSW / word transfer @AH+ <-- @AL+, counter = RWO 
MOVSWI 


MOVSWD word transfer @AH- <-- @AL-, counter = RWO. 


SCWEQ/ word search @AH+ - AL, counter = RWO 
SCWEQI 


SCWEQD word search @AH- - AL, counter = RWO 


FILSW / FILSWI word fill @AH+ <-- AL, counter = RWO 


37.2.9 — Instruction Map 


Each F°MC-16FX instruction code consists of 1 or 2 bytes. Therefore, the instruction map consists of multiple pages. 
Table 37-27 to Table 37-46 summarize the F°MC-16FX instruction map. 


Structure of instruction map 


Figure 37-25. Structure of instruction map 


Basic page map_ || First byte 
Bit operation Character string 2-byte instruction ea-type instruction | | second byte 
instruction operation instruction x9 


An instruction such as the NOP instruction that ends in one byte is completed within the basic page. An instruction such as 
the MOVS instruction that requires two bytes recognizes the existence of byte 2 when it references byte 1, and can check the 
following one byte by referencing the map for byte 2. Figure 37-26 shows the correspondence between an actual instruction 
code and instruction map. 
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Figure 37-26. Correspondence between actual instruction code and instruction map 
May not exist for 
some instruction. 


The length varies 
depending on 
a = a i instructions. 


c 3 Bg NO \ 


Instruction code First byte Second byte |Operand | Operand =]. | 


XR JY J 
_ ~a 


An example of an instruction code is shown in Table 37-26. 


Table 37-26. Example of an instruction code 


: Byte 1 Byte 2 
or 00 +0=00 [ee ae 
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Table 37-27. Basic page map 


jee me 
MUOX 


suoljonjsul 
akq-om | 


1sil 
MdOd 


Bey 
HOX 


SuOONASUT 
udleedo 
Buus 


Sd 
MdOd 


IMd ‘ee 
MAOW 


HV 
MdOd 


ty ‘Ba 
AOW 


SuUO!}ONJ}SUI 
uolyesado 
ug 


Vv 
MdOd 


MI1S1 


[ee “IMd 
MAOW 


(13y 


lV ‘9 Lppe 
MAOW 


Vv 
MOAN 


ee ‘IY 
AOW 


pesppe 
diNi 


9Lappe “y 
MAOW 


8H ‘dd 
AON 


lee “me 
VAAON 


9Lppe 
NI 


vo 
MAOW 


MNUINA 


ap + MUO 
‘y MAOW 


Ole IMa 
MAOW 


(6) Suojonysul 
ea 


QIOA# 
NI 


ol'v 
MAOW 


g# WU! 
YNIT 


(8) suojonaysuy 
ee 


13Y 


9}appe “y 
XAON 


ads 


Ag 


(2) suononyysut 
ee 


diay 


QL# ‘Ol 
MAOW 


gav 


jal 
da 


(9) suojonajsuy 
ee 


velppe 
dtwo 


oly 
XAON 


ala 


jer 
Na 


\(¢) suoyonujsul 
ea 


9 Lippe 
TIv9 


S# 0! 
AOW 


gOd 


jar 
SHa/ONa 


\(p) SuooNysuL 
ee 


velppe 
ddr 


lv ‘9| Appe 
AOW 


DSN 


jar 
O18/ 08 


\(¢) Suononysul 
ea 


9 Lppe 
der 


g|appe ‘y 
AOW 


jer 
SN@/ZNE 


\(2) Suojonsysul 
ee 


v® 
de 


vo 
AOW 


jad 
034/ Za 


eP+MeO'V 
XAOW 


(L) Suojonaysur 
ea 


vu 


oly 
AOW 


785 
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Table 37-28. Bit operation instruction map (first byte 


jau ‘da:uig 
sqaq 


~ |da-9 Lappe 


gas 


dg:9 Lappe 
ayo 


da:9 Lippe ‘y 
aAOW 


jeu ‘dq:o! © 
sad 
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Table 37-29. Character string operation instruction map 


is 
Sa 


IMs1l4 


787 
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gp + ETO 


) 


6Fy 


first byte 


( 


8p + O1e® ‘Vv |v ‘eP+O01H® | gP+O1H® 
AOW AOW ‘W_XAOW 


Table 37-30. 2-byte instruction map 


Appendix 
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Table 37-31. 


je. 8 
guppe 


184 ‘BH 
g1Pp + dd® 


[84 '8# 
ZMd + LMY® 


[84 ‘BH 
ZMu + OME® 


[84 ‘BH 
91P + EMHO 


[04 ‘BH 
91p + ZMYH® 


184 ‘aH 
9LP + IMY® 


[84 'e# 
9LP + OMHO 


[84 ‘oH 
Pp + MY® 


184 ‘BH 
ep + 9MYuO 


[84 ‘BH 
8p +SMH® 


184 ‘BH 
P+ MUO 


[81 'e# 
8p + EMUO 


[84 ‘aH 
8p +ZmMu® 


11 ‘gH 
P+ IMO 


[84 ‘St 
8P + OMHO® 


+ ANaO 


eae 
ees 


@sn jou og 


asn jou og 


‘sn jou 0g 


sn jou 0g 


i 
c 


[84 ‘BH 


s 
|i, 


gLippe 
“‘WT1HOX 


9LP + Od® 
“y THOX 


+EMY© 'V 
THOX 


+2MeO 'V 
THOX 


+1MY® 'V 
THOX 


+0MYO 'V 
THOX 


eMu®© ‘V 
THOX 


zMY® ‘Vv 
THOX 


IMy® ‘Vv 
THOX 


OMY® ‘Vv 
THOX 


eld 'v 
THOX 


eld ‘Vv 
THOX 

ay 'v 
THOX 


av 
THOX 


nev 
THOX 


Hy 'v 
THOX 


ow 'v 
THOX 


ou ‘v 
THOX 


2 


QLppe 
‘v1dO 


9LP + Od® 
‘V1HO 


: 


IMY® 
“v1HO 


omMy® 
‘W1dO 


eMy® 
‘vTHO 


91P + ZMH® 
‘VY THO 


IMy® 
‘Y1HO 


oMy® 
‘v71HO 


8p + MYO 
‘y1dO 


8p + MYO 
‘v1HO 


ep + SMY® 
“V1HO 


8P + MYO 
“v1HO 


8p + EMO 
“v1HO 


8p + ZMH 
“vy THO 


ep + IMO 
‘v1HO 


eP + OMY® 
‘W1dO 


+EMY® 'V 
THO 


+2MY® 'V 
180 


+1MY® 'V 
THO 


+0MYO 'V 
THO 


EMY® ‘WV 
THO 


2My® 'V 
THO 


IMY® ‘Vv 
180 


OMH® 'V 
THO 


eld 'v 
THO 


eld 'v 
THO 
ae 'v 
1HO 


ay 'v 
180 


ny 'v 
THO 


HY 'v 
TWO 


od 'v 
THO 


old 'v 
THO 


2 
=< 


gLuppe 
‘WIGNY 


91P + Od® 
“VTONY 


ZMH + IMHO 
‘WTaNY 


2M + OME® 
‘WTaNY 


gIP +eMuO 
‘VW TONY 


9IP + ZMH® 
‘vTGNV 


gIP + LMY® 
“VTONY 


91P + OMH® 
‘WTGNY 


P+ LMe® 
‘WTaNY 


8p + 9MY® 
‘WTGNY 


ep +SMY® 
‘WTONV 


alle 


P + PMY® 
“VTONV 


8p + EMO 
“Vv TONV 


ald 


8p + ZMH 
‘WTGNY 


P+ IMY® 
‘WIGNY 


ail 


8p + OMY® 
‘WTGNY 


+EMY© ‘V 
TaNv 


+2MeO 'V 
TONV 


+1MH® ‘VW 
TaNv 


+OMHO ‘VW 
TaNv 


EMY® ‘Vv 
TONY 


ZMd® 'V 
TONY 


IMY® ‘Vv 
TONV 


OMY® ‘Vv 
TONV 


eld 'v 
TONv 


eld 'v 
TaNv 

ae 'v 
TONV 

av 
TONV 


ne 'v 
TONY 


HY 'v 
TONV 


old 'v 
TaNv 


old 'v 
TaNv 


gLppe 
‘WIdNO 


91P + Od® 
‘VIdNO 


ZMd + IMY® 
‘WI1dNO 


ZMd + OMY® 
‘WIdNO 


gIP+EMeuO 
‘WV IdWO 


LP + ZMH® 
‘YIdNO 


9LP + LMu® 
‘V1dWO 


9LP + OMH® 
‘W1dWO 


8p + ZMH 
‘W1dNO 


P+ 9M 
‘WI1dNO 


ep +SMYO 
‘VW IdWO 


P+ MY® 
‘V1dNO 


P+ EMH 
‘Y1dNO 


8P+ZMu® 
‘W1dWO 


ep + MYO 
‘WI1dNO 


8p + OMYO 
‘W1dNO 


° 
& 


+EMYd®@ 'V 
dO 


+2My® ‘VW 
TdWO 


+1MY® 'V 
TdIND 


+0MYO ‘VW 
dO 


eMuy® ‘V 
dW 


2My® 'V 
TdW9O 


IMY® ‘Vv 
TdWO 


OMH® ‘Vv 
TdW9o 


ely ‘Vv 
dO 


eld 'V 
TdN9 

ad ‘v 
TdWO 


ay ‘v 
TdWO 


ny 'v 
TdWO 


Hy ‘Ww 
TdWO 


ov 
dD 


od ‘Vv 
dO 


e191 
“gLippe 


[8 “LH 
‘91P + od® 


181 'OL# 
ZMd + LMY® 


[84 ‘OL 
ZMu + OME® 


[84 ‘LH 
9LP + EMO 


[8 OL 
9LP + ZMe® 


181 'OL# 
9LP + LMH® 


181 'OL# 
9LP + OMY® 


184 ‘OL 
P+ ZMe® 
184 “LH 
eP+9mMu® 
[84 ‘OL 


8p +SMH® 


194 OL 
P+ yMUO 


181 OL 
ep +EMy® 


184 ‘OL 
8p + ZMYO® 


184 'OL# 
ep + IMeY® 


[84 ‘OL 
8P + OME 


+ JNEMO 


esn jou oq 


asn jou oq 


‘sn jou og 


asn jou oq 


184 ‘9 Lit 
‘EMH® 


194 'O Lit 
‘MYO 


1819 Lt 
“LMY® 


181 OL 
‘OMY® 


184 ‘9 Lt 
“LMa 


184 ‘9 Lit 
‘OMY 


[84 ‘OL 
‘SMY 


10 ‘9 Lit 
‘yMY 


1819 Lt 
‘EMY 


184 ‘9 Lt 
‘My 


1849 L# 
“LM 


[84 ‘9 Lt 
‘OMY 


+ JNEMO 


Ov 


gLippe 
‘wians 


91P + od® 
‘vTans 


ZMH + IMHO 
‘wians 


ZMu + OME® 
‘wigans 


gIp + eMU® 
‘wians 


91P + ZMH® 
“yTans 


91P + LMY® 
‘vans 


91P + OMH® 
‘vigns 


8p + ZMe® 
‘wians 


8P+9MHO 
‘wqans 


ep +SMu® 
‘vans 


P+ pMe® 
‘vyTans 


8p + EMH® 
“yTans 


8p + ZMYO 
‘wigns 


ep + LMY® 
‘vians 


8p + OMY® 
‘wians 


+EMY© 'V 
ans 


+2MuyO 'V 
Tans 


+1MY® 'V 
Tans 


+0MYO 'V 
ans 


eMu®© ‘Vv 
Tans 


zMY® ‘Vv 
Tans 


IMy® ‘Vv 
Tans 


OMy® ‘Vv 
Tans 


eld 'v 
ans 


eld ‘Vv 
Tans 


ay 'v 
Tans 


a 'v 
Tans 


ny‘ 
ans 


Hy 'v 
Tans 


ou 'v 
Tans 


ow ‘v 
ans 


2 


ol 


gLuppe 
‘vidav 


9LP + Od® 
‘vidav 


LMd + LIMY® 
‘vidav 


ZMd + OME® 
‘vidav 


gip + emMu® 
‘vqdav 


LP + ZMH® 
‘widav 


LP + LMe® 
‘vidav 


9LP + OMe® 
“vqdav 


Pp +ZMe® 
‘vidav 


8p +9MYu® 
‘vqdav 


ep +SMY® 
“‘vidav 


P + ~Me® 
‘vidav 


EP +EMY® 
‘vidav 


8p +ZMYO 
‘vidav 


P+ LMY® 
‘vidav 


8P +OMY® 
‘vidav 


+eMyd® 'V 
dav 


+ZMy® 'W 
d0v 


+1My® 'V 
dav 


+0MY® 'V 
dav 


eMuy® 'W 
dav 


2@Mu® ‘Vv 
d0v 


IMH® 'V 
a0v 


OMY® ‘Vv 
dav 


eld 'V 
dqv 


eld 'V 
daqv 

ay ‘Vv 
dav 


ad 'v 
a0v 


ny 'v 
Jdqv 


He Ww 
dav 


ony ‘Vv 
dav 


ond ‘Vv 
dav 


° oa a 2 + © © 5 cy 2 < a QO a w 
$ + + + + + + es + + + + + + + 
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Table 37-32. 


gLuppe +emu®'v — |s#'gLppe eH +emy® v'gLuppe v'temy® guppe +emu® ‘Vv gLppe 
‘vVAAON AOW AOW AON ‘vy AoW AON qoaa 
91p + 0d® +zmuO'v — |s#'91P +9 s#+zMu® volp+o v‘+2Mu® 91p +9d® +zmu® ‘Vv 91P + od® 

‘WV VAAON d® AOW AOW d® AON ‘v TAOW AON o3q 

Mu+LMy® +iMuO'v— |g#' MTL H+ Me® v'LMUt LM v‘+IMe® ZMu+LMd® +iMu® 'V ZMd+LMe® 
‘VVSAON y® AON Aol y® NOW ‘v WOW AON 7030 

Mu+OME® +omu®'y — |e#'ZMU+OM eH'+OME® v'ZMU+OM v‘+omu® ZMu+OME® +omy® 'v ZMu+OMe® 
‘VVSAON y® AON Aol y¥® OW ‘v NOW AON 7030 

ip + sMu® 9p +emu® emu® ‘v gip + emu® 
‘v TAON TAON oad 

zmu® 'v 91P + ZMuO 
AON oa 

LMg® ‘v 91P + LMu® 
AON oa 

omy® ‘v 91P + oMUO 
AON 030 


< < 
wu wu 
> > 
fe) fe) 
= = 
a a 
> > 
(e) fe) 


<i 
> 
fo} 
= 


s#9LP + SM 8# EMO 
yY® AOW AO 


V'9LP + &M 
y® TA0W 


e#'9LP + 2M. 8#ZMUO 
Y¥® AOW AOI 


v'9LP + 2M 
Y® TAOW 


e#'9LP + LM. 8#LMY®O 
y® AOW AOI 


VOIP + IM. 
Y¥® TAOW 


< < < < < 
wu wu uo uo uo 
> > = > > 
fo} fe) fo} fe} fo} 
= = = = = 


8#'9LP + OM. 8#0MEO 
yY® AOW AO 


V'9LP + OM 
y® TA0W 


< 
wu 
> 
fe} 
= 


e#'8P + LM 8H 2H v'ep+ lM veld 8p + LMYH® equ ‘Vv 8p + LMH® 

“Y W3AOW! y® AOW AOW y® TAOW! TAOW ‘Yy TAOW AON meele} 
g#'8P + 9M BH'9H v'sp + 9M veld 8p + 9M eld ‘Vv 8P + 9MH® 

yY® AOW AOW y® TA0OW TAOW) ‘Y TAOW AON 1930 


g#'8P + SM 8#'SH v'ep+SM vad 8p +SMH® 8p +SMY® 
‘V VAAOW y® AON AOW YOTAON| TAOW VY TAOW| 1930 
8#'8P + DM ‘SH'bd v'ep+ om vad 8p + PMO ad ‘Vv P+ MYO 
Y® AON AOW YOTAOW TAOW ‘VY TAOW AON 1030 
/8#'8P + 2M. sHeH visp+eM vind 8p + EMY® Hy 'v ep + EMe® 
Y® AOW AOW y® TA0W TAOW) ‘V TAON TAOW 1940 
e#'8P + 2M 8#'ZH v'ep+2m vind 8p +ZMy® Hy 'v 8P + ZMH® 
yY® AOW AOW y® TA0W TAOW) ‘VY TAOW TAOW 1940 
8#'8P + LM. BH LY v'ep+ iM vod P+ LMY® 8p + LMH® 
y® AOW AOW y® TAOW! TAOW ‘vy TAOW 1940 


g#'8P + OM 8#'0H v'ep+OM v‘old 
y® AON AOW 


ap + pPMU® 


8P +OMY® 
y® TAOW TAOW) ‘VY TAOW 


er 2 2 2 2 
= S > S > 
fe) Q fo) Q {e] 


2 


9 Lippe 
TONI 


9LP + Od® 
TONI 


LMY+1Me® 
TONI 


ZMYt+OME® 
TONI 


91p + EMY® 
TONI 


gip + zmMu® 
TONI 


9IP + LMY® 
TONI 


ot =i ai zal = i a 
is} is) is} is) is) 13) is) 
< < < z < = < 


g1P + OMUO 
TONI 


8p + LMH® 
TONI 


o 

ai 

z 
a 
is) 
z 


8p +9MY® 
TONI 


ih 
is} 
< 


EP + SMO 
TONI 


a 
is) 
z 


8p + pMY® 
TONI 


i 
is} 
< 


8p + EMO 
TONI 


8p + ZMHO 
TONI 


8P+ IMY® 
TONI 


a 
is) 
= 


P+ OMY® 
TONI 


sh 
13) 
= 


fod 
ire} 
° 
+ 

a 

is} 

z 


9Luppe®| 
dTwo 


91P +0dOO 
d1vo 


LMY*0MYO| 
® divwo 


9LP + EMYO) 
® dmwo 


gLP+zZmu® 
® dmwvo 


9LP + OME® 
® diwo 


8P + 9MHOO 
diivo 


8P + PMYOO! 
divo 


8P + EMHOO) 
d1wo 


EP + LMYOO! 
dio 


a S}a S/o 
RAERIE 
a°}a° 13 
& ie] oO 


a § lo 8 lo 8 lo 
28/6198 [3 
a lala la 
ie] oO oO (2) 


a 
= 
=| 
= 
is} 


9Lppe®) 
ddr 


91P + Id@OO) 
dd} 


LMu+ IMHO} 
® ddr] 


ZMd+0Me®| 
® ddr] 


9Lp + EMHO} 
® ddr 


9LP + ZMu®) 
© ddr} 


LP + LMY®| 
® ddr 


91P + OMHO| 
® ddr 


8p + LMHOO) 
dd WP} 
8P + IMHOO) 
dd WP} 
BP + SMUOO) 
dd WP} 
8P + PMYUOO) 
dd} 
8p + EMYOO) 
ddr} 
BP + ZMHOO) 
dd} 
8P + IMUOO) 
ddr} 
8P + OMYOO) 
ddr} 


+EMUOO 
ddWr 
+2MOO 
Ydd WT} 
+1MHOO 
ddr 
+0MUOO 
ddr) 
EMYOO 
ddWP| 
zMuO® 
ddWr 
IMuOO 
ddr 
OoMHO® 
dd WP 
£1u® 
ddr) 
e1H® 
dd 


a 2 + © © 5 2 2 < a ° a w 
a ed + + + a + + + + + + + 


° - 
$ + 
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Table 37-33. 


gLippe +EMHO'V Lippe +EMHO'V Vv ‘9Lppe 
“Y HOX' HO; “W XAOW! XAOW AOW 


91P + dd® +2MyO'V gIP +Od® +2MyO'V v'9IP+9O 
“Y HOX' HO; “W XAOW! XAOW d® AOW 


LMYt+1MYO® +1MHO'V ZMu+ IMY® +1MdO'V V'LMU+LM 
‘VW HOX' HO: ‘y XAOW XAOW y® AOW 

LMYtOMYOO +OMYO'V ZMu+0Me® +0OMYO'V v'ZMd+0M 
‘YW HOX! HO: ‘vy XAOW XAOW Y¥® AOW 


SIP + EMYOO eMYyO'V gIP + EMUO eMyO'V VOIP +EM 
‘YW HOX| HO} ‘vy XAOW XAOW Y® AOW 


9LP + ZMYOO z@MYO'V 9LP + ZMeY® ZMHO'V VOIP +ZM. 
‘WV HOX' HO: ‘Vv XAOW| XAOW y® AOW 

9LP + IMYOO IMYO'V 9lP + IMY® IMeO'V VOIP + 1M 
‘Y HOX' HO; “W XAOW! XAOW 4® ACW 

9LP + OMYOO OMYO'V 9LP + OMH® OMYO'V v'9LP +OM 
“Y HOX' H9; “W XAOW! XAOW Y® AOW| 

P+ ZMe® dv v'ep + 2M 
“Y HOX' XAOW u® AOW| 

p+ 9Mu® ou v'ap + 9M 
‘VW HOX| XAOW Y® AOW 

ep+SmMy® suv v'sp +SM. 
‘V HOX' XAOW y® AOW 

8P + MYO rv v'sP + oM 
“Y HOX' XAOW Y® ACW 

P+ EMe® ey'v v'ep + EM 
“Y HOX' XAOW Y® AOW| 

8p + ZMH eu'v v'ep +ZM 
“Y HOX' XAOW u® AON 
ep + LMe® ty'y v'ap + LM 
‘VW HOX| XAOW Y® AOW 
8P + OMY® ou'v v'sP + OM| 
‘WV HOX' XAOW y® AOW 

o4 


Vv ‘+EMH® 
AOW 

Vv '+7My® 
AOW 

v+IMH® 
AOW 


QLappe +€MHO'V gLuppe +EMH® QLippe +€MH® gLippe +EMY® Lippe 

‘vy AOW AOW| oad oad ONI ONI OYOY OYOY o104 
9IP + Od® +2MyuO'V gLP+0d® g1P+0d® +ZMYuO 91P +Od® +zmyu® g1Pp+dd® 

‘vy AOW AOW| 030 ONI ONI OYOH OOH 0104 
LMYt+LMY® +LMYO'W LMY+ Md ® ZMYt MeO ZMu+ IMe® +IMYe® LMYt+LMY® 

‘v AOW AOW oad ONI OyOY OYOY 0104 
ZMY+OMY®: ZMY+OMY® ZMY+OMY® ZMu+0OMYE® +0MH® ZMYtOMH® 

‘v AOW o3q ONI* OYuOu OYOU O10Y4 
91P + emMuy® 91P + EMYy® 91P +eMyH® 91P + EMYO® eMu® 9IP + EMY® 

‘v AOW 03a ONI OHOU OHOu o10Y8 
9IP + ZMH® 91P + ZMH® gIP +ZMYO 9IP + Z@MYHO ZMH® 9IP + ZMH® 

‘v AOW 030 ONI OYOU OYOU 0104 
91P + IMY® 9IP + LMY® 91P + LMY® 91P + IMY® IMy® gIP+ IMY® 

‘Y AOW 030 ONI OOH OOH 0104 
91P + OMY® 91P + OMY® 9p +OMeU®. 9p +OMeE®. omMy® 9IP + OMYO 

‘vy AOW oad ONI OYOY OSOYOU o108 
p+ ZMY® ep +Z4MYu® 8p + MY® p+ ZMY® vas] ep + MYO 

‘y AOW o3q ONI OYuOu OYuOu 0104 
ep+9mMy® 8p +9MY® 8p + 9MY® P+ 9MH® 9 8p + 9M" 

‘v AOW 03a ONI OHOu OHOu 0104 
8P+SMu® 8P +SMH® 8p +SMH® ep +SMu® SY 8p +SMu® 

‘v AOW 030 ONI OHOU 0104 
8P + MYO SP + pMY® 8P + MYO 8p + PMY® 8P + MYO 

‘vy AOW 030 ONI OYOY o104 
gp+emy® 8p +EMY® 8p + EMU® 9p +EMy® 9p + EmMy® 

‘vy AOW oad ONI OYOY O108 
8p +ZMuO ep +zmMyu® 8p + ZmMyu® ep +ZMu® ep +ZMYO 

‘y AOW oad ONI OYuOu 0104 
ep+ IMY® 8p + LMY® 8p + IMY® ePp+ IMO 8P + IMY® 

‘v AOW 03a ONI OHOU o10Y84 

8P + OMH® OW 8P+OMYH® 
‘ONI ONI OYOU 
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Table 37-34. ea instruction 4 (first byte 


guippe 
‘vy MHOX 


9IP + Od® 
“YW MHOX' 


LMY+ IMH® 
“Y MHOX 


ZMuY*+OME® 
“YW MHOX 


gip + EMYO 
“Y MHOX 
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BS 
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= 
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+2MY® 'V 
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SL#'9LIp 
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Od® MAOW 

OL ZMY+ 
IMY@MAOW 


OL ZMe+ 
OMYOMAOW 


OL# OLD + 
EMYOMAOW 


OL# LP + 
ZMYOMAOW, 


OL#OLP + 
LMYOMAOW 


QL# OLD + 
OMY@MAOW 
OL# EP +2 
MY® MAOW 


gL#ep+9 


MuY®© MAOW 


OL#'eP +s 
MY® MAOW 


OL# EP +P 
My® MAOW 


gL# EP +e 
MY® MAOW 
OL# EP +2 
MY® MAOW 
O1#'8P +L 
MY® MAOW 


gL# ep +O 
MY® MAOW 


SL#+EMYe® 
MAOW 


OH +ZMYu® 
MAOW) 


OL#+LMY® 


9L#+OMY® 
MAOW 
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= = 


9L# OMY 
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v ‘gLuppe vtemu® 9 Lippe +emdO'V gLippe +emu® gLppe 
MAOW MAOW ‘vy MAOW MAON moagi moaa MONI 

v'gIP+9 vtzmu® 91p +0d® +emuO'V 91P + od® +emu® 91p +0d® 
d® MAOW MAON ‘vy MAOW MAON moagi moaa MONI 

v'LMd* LM vtimu® ZMu+LMd® +1MuO'V ZN*+LMe® +1My® ZMu+1Md® 
y® MAON MAON ‘v MAOW MAON moagi moaa MONI 

v'ZME+OM v+omu® ZMd+OMe® +oMHO'V ZMu+OMe® +omu® ZMu+OMe® 
y® MAON MAON ‘v MAOW MAON moagi moaa MONI 

v'oLp + £m v'emu® 9p + emy® EMu®'V gip + emu® emMy® 91p + emg® 
y® MAON MAON ‘v MAOW MAON moagi moaa 

violp + zm vzmu® 91P+ZzMu® zmuO'v 91P + zMuO zmu® 91P+ZMuO 
y® MAON MAON ‘vy MAOW MAON moag moaa 

volp + 1M viiMe® 91P + LMU® iMuO'V 91 + IMu® imMu® g1p + LMe® 
y® MAON MAON ‘vy MAOW MAON moagi moaa MONI 

v'oLP + OM viomy® 91P + OMUO omu®'v 91P + OMY omu® 91P + OMY 
y¥® MAON MAON ‘vy MAOW MAON moagi moaa M 

viep + 2M vid gp + MUO zMu'V gp + MYO 2M 9p + MUO 
y® MAON MAON ‘Vv MAOW MAON moagi moaa MONI 

viep + 9M vom gp + 9Mu® omu'y 9p + 9Mu® omy 8p + 9MUO 
y® MAON MAON ‘vy MAOW MAON moagi moaa 

vep+sm vSMu ep + SMUO SMu'v ep + SMU smu 8p + SMU® 
y® MAON MAON ‘v MAOW MAON moaa moaa 

viep + >M vipMe 8p + MUO ymu'y 8p + MUO yM 8p + MUO 
y® MAON MAON ‘vy MAOW MAON moaa moaa 

viep + em v'emy 9p + MUO eMu'v ep + eMuO eM gp + Emu® 
y® MAON MAOW ‘vy MAOW MAOW moagi moaa MONI 

vep+ 2m vzmu 9p + zMuO zMu'v gp + ZMUO zm gp + ZMUO 
y® MAON MAON ‘vy MAOW MAON moaa moagi MONI 

veep + iM : 8p + IMYO uu'y 8p + IMUO IM P+ LMY® 
y® MAON ‘v MAOW MAON moaa moa MONI 

visp + OM v'ome 9p + omy® omy'y 9p + oMu® ome ep + omu® 
y® MAON MAON ‘v MAOW MAON moaa moaa 
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4 
=| 
= 
is} 


gLP+ZzmMu@O 


9LP+ LMYO® 
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=| 
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a 
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P+ 9MHOO 
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8P + ZMHOO 
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| 
=z 
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8P+ IMYOO 


8P + OMUOO 


= 
3 
|, 
3} 


+EMUOO SLppe® tEMeOO 
Two dir) dir 
+2MUOO 9LP + WdO® +2MUOO 
TWO dr) dir} 
+IMYOO LMY+*1MYOO +1MHOO 
Two dr] dr] 
+0MYOO LMY*+0MHOO +OMUOO 
Tivo dr diNf 
EMUOO 9IP + EMYOO: EMYOO 
nwo dr) diNf 
zmMyO® 9LP + ZMYOO zMeO@ 
Tv dir} dir} 
IMY@O 91P+ LMYOO IMH@O 
TWO dr dr} 
OMYOO 91P + OMHOO OMYuOO 
To dr diNr 
LMY® EP + LMHOO LMH® 
Two dW} dir] 
9My® SP +9MUOO 9MyH® 
TWO dir diNr 
SMYu® ep +SMYOO SMy® 
Tivo dr diNf 
yMe® 8P +pMYOO yMe® 
Two dir] die} 
eMy® 8P +EMHOO eMy® 
TWO dir) dr 
zMy® BP +ZMHOO zMy® 
To dr dW} 
IMyu® 8P + IMYOO IMu® 
TWO dr} dr 
Oomy® 8P +OMYOO OMe® 
TWO dr diNf 


ee 


WI 
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Table 37-35. 


4 ‘9 Lppe® 1+EMH® Lippe +EMHO ‘V guppe +EMYHO'V gLuppe +EMYO 'V 9Lppe +EMHO'V 9 Lippe +EMY® 'V QLppe +EMYO'V 9Uppe +EMYO'V a 
ZNaG ZNaG “y YOX yOX ‘Y HO yO ‘y ONV ONv ‘v dO dO ‘y ogav ogay ‘y ans gns ‘y gav gav 

4'91P + Od® 1'+2Mu® 91P + dd® +2Md® ‘Vv 91P +dd® +2MuO'V 91P +Od® +2My® 'V 91P + Od® +2MyO'V 91P + od® +2My® 'V 91P + dd® +2MyO'V 91P +dd® +2MuO'V at 
ZNaG ZNaG ‘y YOX yOX ‘y HO YO ‘vy ONV anv ‘y dO dO ‘y ogav ogav ‘vy ans ns ‘vy aav gav 

1°ZMY+1MY® 4'+1Mad® LMY+1MY® +1LMY® ‘V LMu+ IMY® +1MHO'V LMY+1MY® +1My® 'V LMY+1MY® +1MYO'V ZMY+1MY® +1Me® 'V LMY+1MY® +1MYO'V LMut IMY® +1MHO'V ae 
ZNSG ZNSG ‘W YHOX YOX ‘VY HO yO ‘v GNV ONV ‘vy diNO do ‘vy ogav odayv ‘vo gns ans ‘v dav gav 

4*ZMetOME® 1'+OMY® ZMeu+OMYe® +0MY® ‘V ZMu+0OMYE® +0OMYO'V ZMY+0MYE® +OMY® 'V ZMd+0MY® +OMYO'V ZMd+OMd® +0MY® 'V ZMd+OMY® +0MYO'V ZMet+0OMY® +OMYO'V ot 
ZNaG ZNaG ‘YW HOX yOX ‘WY HO yO ‘vy GNV ONv ‘vy dINO diND ‘vy ogayv oagav ‘vy ans ans ‘vy gav aav 

4‘91P + EMYO 4‘EMYO gIP + EMeO® eMY® ‘VW gIP + MUO eMuO'V gIP+emMy® eMY® ‘VW gIP +eMuO eMyO'V gIP + EMO eMy® 'W gIP +EMHO eMyO'V gIP + MUO eMyO'V at 
ZNaG ZNaG ‘Y HOX yOX ‘VY HO yO ‘vy GNV ONv ‘vy dO dO ‘vy odayv oagav ‘vans ans ‘vy dav gav 

4‘9LP + ZMYO 4‘2MYHO 91P + ZMHO ZMY® ‘Vv 91P + ZMHO @MyuO'V 9p + ZMYu® zMeO ‘W 9p + ZMYO eMyO'V 9LP + ZMu® ZMuy® 'W g1P +ZMHO zMuO'V 91P + ZMHO @MyO'V ve 
ZNSG ZNSE ‘YW HOX YOX ‘VY HO YO ‘vo ONV aNv ‘v dO dWO ‘vy ogav odgayv ‘vans ans ‘vy dav aav 

4*9LP + LMY® 1*LMY® giP + IMY® ILMy® “Vv giP + IMY® IMHO'V 91P+ LMH® IMYH® "VW 9IP + LMY® IMHO'V 9LP + LMH® IMY® "Vv 91P + LMY® IMYHO'V giP + IMY® IMYO'V 6+ 
ZNaG ZNaG “y HOX yOX ‘y HO yO ‘vy ONV anv ‘vy dO dO ‘y ogav ogav ‘y ans ans ‘vy dav aay 

4'91P + OMH® 4'0MH® 9LP + OMY® Omy® ‘Vv 9LP + OMY® OMy®'V 91P + OMY® OMy® ‘Vv 9LP + OMY® OMY 'V 9LP + OMY® OMuY® ‘Vv 9LP +OMY® OMYO'y 9LP + OMYH® OMHO'V ee 
ZNaG ZNaG ‘Y YOX YOX ‘Y HO yO ‘y GNV anv ‘y dO dO ‘y ogav ogdv ‘y ans ns ‘y gav gav 

4'ep + ZMY cia: ap + LMY® dav ep + ZMu® uv ep + MU® dy‘ eP+LMH® av ep +ZMY® uv ep + 4MY® av ep + 4MY® du dx 
® znad ZNaG ‘WY HOX YOX ‘VY HO yO ‘vy CNV ONV ‘vy dO do ‘vy ogav odayv ‘vy ans ans ‘vy dav aav 

4*8P + OMY 498 8p + 9MuY® 9y ‘Vv 8p + 9MY® ou'v ep + 9Mu® guy 'V ep+ 9mu® ou'v 8p + 9Mu® oy 'V 8p + 9myu® guy ep + 9MuY® gu'v ae 
® zNnaQ ZNaa ‘YW HOX yOX ‘VY HO yO ‘vy aNV ONv ‘v dINO dO ‘vy odayv oagav ‘vo ans ans ‘vy dav aav 

4‘ep + SMU 4°SY 8p + SMO Sy'V 8p + SMY® suv 8p + SMH® SY ‘V 8P + SMO suv 8p + SMO Suv 8P + SMO suv 8P + SMO suv Ge 
® zNna0 ZNSG ‘vy HOX YOX ‘VY HO YO ‘vy ONV anv ‘Vv dO dO ‘vy ogay odgav ‘vans ans ‘vy dav aav 

4°8P + PMY 4p 8P + PMY® vu 'V 8P + MYO vv 8P + *MY® vy 'V 8p +PrMd® buy 8P + PMY® ru 8P + PMH® ru 8P + PMH® rv ye 
® Znaq ZNaG “y YOX yOX ‘y YO yO ‘y ONV anv ‘vy dO dO ‘y ogav ogav ‘y ans gns ‘vy aav dav 

4'9p + EMU 4'8y 8p + emMy® ey'v ep + EMu® ey'v ep + EeMy® ed 'v ep+emy® eu'v ep +EMy® ey 'V eP+emMy® eu'y ep + EMU eu'v ee 
® Zna0 ZNaG ‘Y YOX YOX ‘Y HO yO ‘y ONV anv ‘y dO dO ‘y ogav ogav ‘y ans ns ‘vy gav gav 

4°eP + 2MY 4'@y 8p + zMu® ey'v ap + ZMu® ev ep + ZMu® ey 'v ep +ZMu® ev 8p +ZMYu® eu 'V SP + cmMy® euy 8p +ZMYu® eu en 
® znad ZNaG ‘VY HOX YOX ‘VY HO yO ‘vy CNV ONV ‘vy dNO do ‘vy ogav odayv ‘vy ans ans ‘vy dav gav 

4*8P + LMY a*ke ep + IMY® ty ‘W ep + LMY® luv ep + IMY® tv ep + IMY® ty'y eP+ IMY® tv 8p+ IMY® ty'y eP+ IMY® ty'v ie 
® znaa ZNaa ‘v HOX yOX ‘VY HO yO ‘v aNV ONV ‘v dO dO ‘vy ogayv oagav ‘vans ans ‘vy dav aav 

4‘8P + OMY 40H 8P + OMHO ou 'W 8P + OMY® ou'v 8P + OMHO Ou ‘V 8P + OMH® ou 8P + OMH® ou 'W 8P + OMHO ou'v 8P + OMY® ou'v oF 
® znaa ZNaG ‘YW HOX YOX ‘VY HO YO ‘vy ONV anv ‘VY dO dWO ‘vy ogay ogayv ‘vans ans ‘v gay aav 

04 03 oa 00 og ov 06 08 OL 09 os ov of 02 OL 00 
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Table 37-36. 


Lippe 
LON) 


9IP + Od® 
LON) 


ZMet+1LMe® 
LON) 


ZMY*0MH® 
LON 


gLP +EMY® 
LON| 


91P +ZMHO 
LON) 


9IP + LMY® 
LON) 


x 
© 
x 
fo) 
x 


gLP +OMY® 
LON) 


P+ ZMY® 


8P+9MH® 


8P+SMu® 


ep + EMe® 
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LON) 


8p + IMH® 
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8P + OMY® 
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2 
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c 
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Vv ‘9Lppe 
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Vv'9IP+O 
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Vv'ZMet IM 
yY® YOX 


Vv 'ZMY+OM 
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Vv'9LP+EM 
u® YOX 


V'9LP + 2M 


VOIP + LM. 
Y® YOX 


Vv '9LP + OM. 
yY® HOX 


v'ep+ZM 
y® YOX 


v'sP+9M 
u® YOX 


v‘ep+ SM 
y® YOX 


v'sP+>M 
Y® YOX 


v'sP+eM 
yY® YOX 


Vv'8P+ 2M 
yY® HOX 


v'sP+iM 
Y® HOX 


v'ep+ om 
y® YOX 


v'temMd® 
YO! 


v'+zMe® 
yOX 


v'+LMd® 
YOX 


v'+OMH® 
yOX 


Vv'EMY® 
YOX 


v'g Lappe 
yO 


Vv ‘SIP + Od® 


Vv'ZMetEM 


Y® HO) 


v'LMH+0OM, 
y® YO 
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ie) 


Vv ‘9LP + EMe® 
YO 


Vv '9LP + ZMYuO® 
yO 


Vv '9IP + LMY® 
YO 


Vv '9LP + OMYO. 
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v‘8p + ZMH® 
yO 
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yO 
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YO 
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Vv'EmMy® 
ON’ 


v'zmMu® 
ON' 
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gIP + EMYy® eMy@'ZMY gLp+emy® eMYO'9My gip + EMy® EMYO'SMY 9LP + EMy® EMeO©' PMY 9p + EMYy® EMYO'EMY gtP + EemMy® EMY® ‘ZMY gLp + emy® EMY® ‘LMY gLP + EMY@ eMYyO'0OMY 


a 
2 


ed ¢ ? F ed cd + + 


‘LM MAOW MAOW “OMY MAOW MAOW ‘SMY MAOW MAOW ‘yMd MAOW MAOW ‘EMH MAOW MAOW ‘2MY MAOW MAOW “LMYd MAOW MAOW ‘OMY MAOW MAOW 
giP + ZmMy® ZMYy@'ZMY gLP+zmy® @Md®©'9My gip + ZMY® emMyO'SMY 9LP + ZzMyu® @Md©'bMY 9p + ZMYy® ZMYO'EMY 9LP + ZMyu® @Mdy® ‘2M gtP + zMu® eMy® ‘LMY gip + ZMyu® ZMYO'0MY 


‘LMYd MAOW MAOW “9My MAOW MAOW ‘SMY MAOW MAOW ‘yMY MAOW MAOW ‘EMH MAOW MAOW ‘2MY MAOW MAOW “LM MAOW MAOW ‘OMY MAOW MAOW 


gIP + IMY® IMY®@'ZMY gLP+ LMY® IMYO'9My g1P + LIMY® IMYO'SMY 9LP + IMY® IMYO'PMY 9IP + IMY® IMY®'eMy gIP + IMY® -LMY® ‘2M gtP+ LMY® }MY® ‘EM g1P + LMY® }MYy@'0MY 


2 


‘LMYd MAOW MAOW “MY MAOW MAOW ‘SMY MAOW MAOW ‘yMd MAOW MAOW “‘EMY MAOW MAOW ‘2My MAOW MAOW “LMYd MAOW MAOW ‘OMY MAOW MAOW 
gtP + OMY® OMY®'ZMY gtP + OMy® OMy@'9My 91p + OMY® OMYO'SMY 91P + OME® OMYO'PMd 9LP + OMY® Omy®'eMy gtP + OMY® OMY® ‘2My gtP + OMYy® OMY® ‘tL MY gLp +OMY® OMY@'OMY 


‘LMYd MAOW MAOW “OMY MAOW MAOW ‘SMY MAOW MAOW ‘yMY MAOW MAOW “EMY MAOW MAOW ‘2MY MAOW MAOW “LMY MAOW MAOW ‘OMY MAOW MAOW 


2 


8p + ZMY® 2M ‘LM 8p + ZMY® ZMd ‘SMX ap + ZMu® 2M 'SMY 8p + LMY® 2M ‘PMY 8p + ZMY® ZMd ‘MY 8p + ZMY® 2M ‘2M 8p + LMY® ZMd ‘LM 8p + ZMY® ZMd ‘OMY 


‘LMd MAOW MAOW ‘9MYd MAOW MAOW ‘SMY MAOW MAOW ‘yMd MAOW MAOW ‘EM MAOW MAOW ‘eM MAOW MAOW |My MAOW MAOW ‘OMY MAOW MAOW 


8P + 9MY® 9MH *ZMY 8p +9My® 9M '9Md 8p +9mMH® SMU *SMY 8p + 9MY® 9Md ‘PMY SP + 9md® SMd ‘EME 8P + 9MY® 9MY ‘2MY 8P + SMH® SMY “LMY SP + 9MY® SMY “OMY 


© 


“ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW “yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW “LMH MAOW MAOW ‘OMY MAOW MAOW 
8p + SMY® SMd ‘ZMH ep +SMH® SMd ‘SMX 8p + SMYO® SMU ‘SMH 8p + SMY® SMd '~MY SP +Smu® SMU ‘EMY 8P +SMY® SMH ‘2M ep + SMH® SMH ‘LMY 8p +SMYU® SMU ‘OMY 


“ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW “yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW “LMH MAOW MAOW ‘OMY MAOW MAOW 


ry 


8P + MYO MY ‘LM 8P+P*My® Md ‘SMH 8P+rMy® MY ‘SMX 8P + MYO yMY ‘PMY SP + pMe® MY ‘EMH 8P + PMY® pM CMY 8P + PMY® PMY ‘LMY SP + PMY® MY “OMY 


‘ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW ‘yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW “LMH MAOW MAOW ‘OMY MAOW MAOW 
ep + EMO Md ‘LM ep +EMe® Md ‘9MY 8p + EMYO MY ‘SMX ep + EMY® Md ‘PMY Sp +Emd® EMY ‘EMH. ep + EMYO €MY ‘ZMH ep + EMHO Md “LMY. 8p + EMY® My “OMY 


‘ZMH MAOW MAOW 3M MAOW MAOW ‘GMY MAOW MAOW ‘yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW “LMH MAOW MAOW ‘OMY MAOW MAOW 


2 


ep + ZMY® @Md *LMY 8p + ZMu® @MU ‘9MY 8p + ZMYO® eM 'SMY 8p + ZMY® @Md ‘~MY ep +cmu® eMd ‘EME eP+ZMu® Muy ‘2Md 8p + ZMH® eMd “LMY ep +ZMu® Muy “OMY 


q 
¥ 


“ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW ‘yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW 1Md MAOW MAOW ‘OMY MAOW MAOW 
ep + IMY® Ld ‘LM ep + IMY® LMY ‘SMX 8p + IMY® LM ‘SM 8p + IMY® LMd “PMY SP+1IMY® LM ‘EMH ep + IMY® LM ‘ZMH 8P + IMY® LM “LM SP + IMY® 1MY ‘OMY. 
“ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW “yMY MAOW MAOW ‘EMH MAOW MAOW “2MY MAOW MAOW LMd MAOW MAOW ‘OMY MAOW MAOW 


8P + OMY® OMY ‘ZMH 8p +OMY® OMY ‘9MY 8P + OMY® OMY ‘SMH 8p + OMY® OMY '~MY SP +omd® OMY ‘EMH. SP + OMY® OMY ‘ZMH 8P + OMY® OMY “LMY. SP + OMY® OMY ‘OMY 


F 


“ZMH MAOW MAOW ‘OMY MAOW MAOW ‘GMY MAOW MAOW “yMY MAOW MAOW ‘EMH MAOW MAOW “ZMH MAOW MAOW LMd MAOW MAOW ‘OMY MAOW MAOW 


' 
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Appendix 


EMBEDDED IN TOMORROW 


s CYPRESS 


7Cy) 


Table 37-43. MOV ea, Ri instruction (first byte 


dd‘gupe p 


AOW 


ZY'9LP + Od 


AOW 


22M +b 


MY® AOW 


2y'ZMd +0 


MY® AOW 


LY'QLP+€ 


MY® AOW 


LY'OLP +z 


MY® AOW 


Zy‘9IPp +1 


MY® AOW 


2y'9LP +0 


MY® AOW 


2y'ep + 2M 


Y¥® AOW 


2y'eP + 9M 


Y¥® AOW 


2y'eP + SM 


Y® AOW 


2y'eP + 7M 


Y® AOW 


2y'ep + EM 


Y¥® AOW 


2y'eP + 2M 


Y® AOW 


2y'ep + 1M 


Y¥® AOW 


2y'8P + OM 


yY® AOW 


Ly'+EMYeO 


AOW 


Ly'+ZMy® 


AOW 


2o'+LMYd® 


AOW 


2y'+OMY® 


AOW 


LY eMy® 


AOW 


Le ZMy® 


AOW 


Ld IMYe® 


AOW 


Ze'0MY® 


AOW 


2a'2e 


AOW 


2Y'9H 


AOW 


2y'SH 


AOW 


2y've 


AOW 


Ye 


9Y‘9LIppe 
AOW 
9U'9LP + Od 
AON 
9u'ZMU + F 
MY® AON 
9u‘ZMU + 0 
MY® AON 
9U'9IP+€ 
MY® AON 
9u'91P +z 
MY® AON 
9Y'9IP +1 
MY® AON 
9u'91P +0 
MY® AON 
9u'eP + 2M. 
y® AOW 
gu'eP + 9M. 
y® AOW 
gu‘ep + SM. 
y® AOW 
9u'eP + >M. 
y® AOW 
gu'ep + eM. 
y® AOW 
gu'ep + 2M. 
y® AOW 
9u'eP + LM. 
y® AOW 
9uy'8P + OM 


yY® AOW 


9y‘+EMHO 


AOW 


9y‘+ZMHO 


AOW 


9y‘+LMH® 


AOW 


9y‘+OMHO 


AOW 


9y‘EMH® 


AOW 


9y'ZMH® 


AOW 


9y‘IMH® 


AOW 


9y‘0OMH® 


AOW 


9y‘2Y 


AOW 


9u‘9Y 


AOW 


9u‘SH 


AOW 


9u‘ry 


AOW 


9y‘ed 


AOW 


9y'2y 


> > 
fe] fe) 
= 


03 


gu'9 Lippe 
AOW 
SU'9LP + Od 
AOW 
Su'LM + 
Mu® ACW 
Su'ZMY +0 
Mu® ACW 
SU'QIP + € 
My® ACW 
SU'QIP +z 
My® ACW 
SU'SIP + 1 
MY® ACW 
SU'SIP + 0 
Mu® ACW 
Su'eP + ZM. 
y® AOW 
SU'SP + 9M 
y® AOW 
su'ep +SM. 
y® AOW 
Su'sP + pM. 
y® AOW 
SU'SP + EM 
y® AOW 
su'ep +ZM. 
y® AOW 
SU'SP + LM 
y® AOW 
SH'SP + OM 


yY® AOW 


Su'+€MH® 


AOW 


Su'+ZMHO 


AOW 


Su'+LMY® 


AOW 


Su'+OMH® 


AOW 


Su'eMeO 


AOW 


Su'zZMuO 


AOW 


Su'IMu® 


AOW 


SyH'‘0Me® 


yu'9 Lippe 
AOW 
vH'OLP + Od 
AOW 
ve'ZM + | 
My® AON 
ve'ZMe + 0 
My® AON 
vy'gID + © 
My® AON 
vH'oLD +2 
My® AOW 
vy'OLP +f 
My® AON 
vH'OLP +0 
My® AON 
vu'ep + 2M 
y® AOW 
yu'ep + 9M 
y® AOW 
yu'ep + SM 
y® AOW 
vu'ep + > 
y® AOW 
vu'ep + eM 
y® AOW 
yu'ep + ZM 
y® AON 
ye'ep + LM 
y® AOW 
v's + OM 


y® AOW 


vy temMy® 


AOW 


vy'tzMe® 


AOW 


vy'tIMY® 


AOW 


vy'tOMy® 


AOW 


vH'EMeO 


AOW 


vH'ZMeO 


AOW 


vy LMY® 


AOW 


vH'OMYO 


eu'g Lippe 
AOW 
eY'9LP + Od 
AOW 
eu'ZMd +L 
My® AON 
eu'ZMu + 0 
My® AON 
eH'gIP+€ 
My® AON 
CHIP +Z 
My® AON 
eH'9IP + | 
My® AOW 
eH'9IP +0 
My® AON 
ey'ep + 2M 
y® AOW 
ey'eP + 9M 
y® AOW 
ey'eP + SM 
y® AOW 
eu'eP + >M 
y® AOW 
ey'ep + EM 
y® AOW 
ey'ep + 2M 
y® AOW 
ey'eP + LM 
y® AOW 
ey'8P + OM 


yY® AOW 


Ee 


ey'teMd® 


AOW 


ey'+ZMyO 


AOW 


ey'+1LMe® 


AOW 


£y'+OMH® 


AOW 


ey'EMY® 


AOW 


ey'ZMy® 


AOW 


ey LMY® 


AOW 


£y'0MY® 


AOW 


ey'2y 


AOW 


eu'9y 


AOW 


eu'SY 


AOW 


ed'vd 


AOW 


ey‘ed 


Zu'9 Lippe 
AOW 
ZY'9LP + Od 
AOW 
Zu'MH + 
My® AON 
Zu'LMH + 0 
MY® AON 
Zu'9IP +€ 
My® AON 
ZU'9LP +Z 
My® AON 
ZY'9IP +1 
My® AON 
Zu'9LP +0 
My® AON 
Zu'8P + ZM 
y® AON 
Zu'8P + 9M 
y® AON 
Zu'8P + SM 
y® AON 
ZY'8P + PM 
y® AON 
Zu'8P + £M 
y® AON 
Zu'8P + ZM 
y® AOW 
Zu'8P + IM 
y® AON 
ZY'8P + OM 


yY® AOW 


zy +eMYO 


AOW 


zy‘+ZMuO 


AOW 


zy‘+1LMY® 


AOW 


2y‘+OMHO® 


AOW 


zy'eMy® 


AOW 


zu’ 2@My® 


AOW 


zy IMY® 


AOW 


zy'0MY® 


AOW 


2y'2Y 


AOW 


2y'9y 


AOW 


2y'SY 


AOW 


eyed 


AOW 


eyed 


bu'gLippe 

AOW 
LY'OLP + Od 

AOW 
HY'ZMH + 1 
My® AON 
1Y'ZMH + 0 
My® AON 
LYOLP +e 
My® AON 
LYOLP +2 
My® AON 
LY'OLP +E 
My® AON 
LY'OLP +0 
My® AON 
bu'sp + ZM. 
y® AON 
bu'sp + 9M. 
y® AON 
bu'sp + SM. 
y® AON 
bu'sp + pM. 
y® AOW 
bu'sp + £M. 
y® AON 
bu'sp + ZM. 
y® AON 
bu'sp + LM. 
y® AON 
bu'sp + OM 


yY® AOW 


ly‘+emMyO 


AOW 


Ly'+ZMu® 


AOW 


Ly +LMyd® 


AOW 


Ly'+OMY® 


AOW 


Ly‘eMu® 


AOW 


Ly‘ZMu® 


AOW 


Ly‘ LMu® 


AOW 


1Y‘0OMu® 


AOW 


by‘dy 


AOW 


Ly‘9Y 


AOW 


Ly‘Sd 


AOW 


Luby 


AOW 


Ly‘ed 


> 
fe) 
= 


Ou'9LIppe 
AOW 
OW'SLP + Od 
AOW 
Ou'ZMY + 
My® AON 
Ou'LMY + 0 
My® AON 
Ou'gIP +E 
My® AON 
Ou'gIP +z 
My® AON 
Ou'SIP + I 
My® AON 
Ou'SIP +0 
My® AON 
Ou'8P + ZM 
y® AOW 
Ou'8P + 9M 
y® AOW 
Ou'8P + SM 
y® AOW 
OUP + #M 
y® AOW 
Ou'8P + £M 
y® AOW 
Ou'8P + ZM 
y® AON 
Ou'8P + IM 
y® AOW 
Ou'8P + OM 


y¥® AOW 


ou‘+EmMyO 


AOW 


ou‘+ZmMyO 


AOW 


0u'+LMH® 


AOW 


0u'+OMH® 


AOW 


ou'eMy® 


AOW 


ou'zmMy® 


AOW 


Ou IMY® 


AOW 


oy'OMY® 


2 < Oy 2 t ir) © ~ Ca 2 < a ro) a w ir 
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EMBEDDED IN TOMORROW 


wa CYPRESS 


Appendix 


Table 37-44. MOVW ea, Rwi instruction (first byte = 7D) 


ZMd'91 
spPe MAOW 
ZM'91P 
+0d® MAOW 
2Me'LMd + 
IMy® MAOW 
ZMd'LMd + 
omu® MAOW 
ZN\'91P + 
emy® MAON 
ZMw'91P + 
ZMY® MAOW 
ZMH'91P + 
IMy® MAOW 
ZN\'91P + 
OMY® MAO 
ZMU'8P + LZ 
My® MAOW 
ZM'8P + 9 
My® MAON 
LM'8P +S 
MYy® MAON 
ZMU'8P +» 
My® MAOW 
LMH'8P + € 
My® MAON 
LM'8P +z 
My® MAON 
ZMe'SP + 1 
My® MAOW 
ZMH'8P + 0 


MY® MAOW 


LMH'+EME® 


ZMd'+ LMe® 


MAOW 


LM'+0ME® 
MAOW 


LMY'EMY® 


MY e@Me® 
MAOW 


ZMY'IME® 


9Mu'91 
4Ppe MAO 
9My'9 LP 
+0d® MAOW 
9Mu'LMe + 
LMe® MAOW 
OMe LM + 
OMH® MAON 
9Mu'9LP + 
emy® MAOW 
9Mu'9IP + 
zmu® MAOW 
9Mu'9LP + 
IMd® MAON 
9Mu'9LP + 
omy® MAOW 
9MU'BP + Z 
MYy® MAOW 
9MU'8P + 9 
My® MAOW 
9Mu'8P + S 
My® MAOW 
9MU'8P + 
My® MAOW 
9MU'8P + 
MYu® MAOW 
9Mu'8P + 2 
My® MAOW 
9Mu'8P + | 
My® MAOW 
9Mu'8P + 0 


MY® MAOW 


9Md'+EMeH® 


MAOW 


9My'+ZMH® 


MAOW 
9Mu't1MY® 
MAOW 


9Md'tOMH® 


9My'EMH® 
MAOW 
9My'ZMeO 


MAOW 


9MH'LME® 
MAOW 
9My'OMH® 
MAOW 
9Mu‘ZMY 
MAOM 
9My‘9MY 
MAOW 
9MY'SMY 
MAOW 


9Mu‘>MY 


MAOW 
9MY'EMY 
MAOW 
9MY'ZMY 
MAOW 
9Mu‘LMY 
MAOW 
9My‘OMY 


MAOW 


SMu'9L 
sppe MAOW 
SMu'9LP 
+9d® MAON 
SMu'ZM\e + 
IMy¥® MAOW 
SMa 2M + 
omu® MAOW 
SMmu'oLp + 
emy® MAON 
SMu'9 LP + 
zM¥® MAOW 
SMu'9LP + 
IMy® MAOW 
SMu'gLp + 
omy® MAON 
SMU'8P + L 
My® MAOW 
SMU'8P +9 
My® MAON 
SMU'8P +S 
MYy® MAON 
SMU'8P + 
My® MAOW 
SMU'8P + © 
My® MAON 
SMU'8P +z 
My® MAON 
SMU'8P + | 
My® MAOW 
SMU'8P + 0 


MY® MAOW 


SMH'+EME® 


SMU'+2Me® 
MAOW 
SMu'+LMd® 


MAOW 


SMx'+OME® 


SMY'EMY® 


MAOW 
SMu'Z7MeO 

MAOW 
SMu'IMY® 

MAOW 
SMY'OMH® 


MAOW 


SMu'ZMY 


MAOM 


SMY'9MY 


MAOW 
SMu'SMY. 


MAOW 


SMu'PMY 
MAOW 
SMY'eMY 
MAOW 
SMu'2MY 
MAOW 
SMu' Md 
MAOW 
SMY‘OMY 


MAOW 


yMdO'91 
apPe MMO 
PMy'9LP 
+9d® MAOW 
yMu'LMd + 
ImMy® MAOW 
yM'ZMd + 
OMY® MAOW 
PMu'9ip + 
EMO MAO 
yMu'91P + 
ZMYO MON 
yMe'91p + 
1Mu® MAOW 
pMu'9LP + 
OMH® MAO 
yMU'SP + LZ 
My® MAOW 
YMU'EP + 9 
My® MAON 
yMU'8P + S 
MYy® MAON 
YMU'SP + » 
My® MAOW 
yMH'8P + € 
My® MAON 
yMU'8P + Z 
My® MAON 
yMU'SP + | 
My® MAOW 
YME'SP + 0 


MYy® MAOW 


PMH +EMY® 
MAOW 


MY +ZMO 


+MY ZMY® 
MAOW 


~MY'LMY® 


eMyO'9L 
4PPE MAO 
EMY'91P 
+9d® MAON 
eMe'ZMd + 
IMu® MAOW 
eMu'ZMd + 
omu® MAOW 
emu'gip + 
emy® MAOW 
eMu'91P + 
ZMY® MAOW 
eMy'9LP + 
IMd® MAON 
emu'gip + 
omy® MAOW 
SMU'BP + Z 
MYy® MAOW 
SMU'8P +9 
My® MAOW 
EMU'8P +S 
My® MAOW 
EMU'8P + 
My® MAOW 
EMU'8P + 
My® MAOW 
EMU'8P +z 
My® MAOW 
eMU'8P + | 
My® MAOW 
EMU'8P + 0 


MY® MAOW 


eMu'tEMe® 


MAOW 


EMy'+ZM® 


Wt 


MAOW 
eMu'+LMd® 


MAOW 


= 


Mu +OMH® 
MAOW 


EMY'EMy® 


MAOW 
€Muy'zMYd® 
MAOW 


EMy'LMe® 


MAOW 
EMY'OMY® 


MAOW 


&Md'ZMY 


MAOW 


£Md'9MY 


ZMHO'9L 
4PPE MAOW 
ZMu'9IP 
+ Od® MAOW 
@Mu'ZMd + 
IMY® MAOW 
2Mu'ZMH + 
OMH® MAOW 
ZMH'9LP + 
€MY® MAOW 
eMu'91P + 
@MY® MAOW 
ZMu'91P + 
IMY® MAOW 
ZMuY'9LP + 
OMY® MAOW 
@Mu'eP + Z 
MY® MAOW 
Mu ‘SP + 9 
MY® MAOW 
ZMu'8P + S 
MY® MAOW 
@Mu'SP + 7 
MY® MAOW 
2Mu'SP + & 
MY® MAOW 
ZMU'8P + Z 
MY® MAOW 
@Mu'SP + Lb 
MY® MAOW 
eMu'sP + 0 


MY® MAOW 


zMy'+EMeO 


emu'+ZMu® 
MAOW 
@Mu'+ MeO 
MAOW 
2Mu'tOMe® 
MAOW 


eMy'EMH® 


@Md'zMu® 
MAOW 


2My' IMH® 


@Mu'eMy 
MAOW 


@Md' LM 


MAOW 
2My'OMY 


MAOW 


IMyO'91 
apPe MAO 
IMu'91P 
+0d® MAON 
bd’ 2M + 
LMu® MAOW 
LMd'ZMd + 
oMy® MAO 
IMu'9 LP + 
emy® MAOW 
IMu'9 LP + 
zmu® MAOW 
IMSLP + 
IMd® MAON 
IMu'9 LP + 
omy® MAOW 
LMu'sP + Z 
My® MAOW 
LMY'SP + 9 
My® MAOW 
LMY'8P + 
My® MAOW 
LMU'SP + 
My® MAOW 
LMu'8P + € 
My® MAOW 
LMU '8P +z 
My® MAOW 
LMd'@P + £ 
My® MAOW 
LMU'8P + 0 


MY® MAOW 


1Mu'+EMYH® 


IMd'+2Mu® 
MAOW 
IMd'+ MYO 
MAOW 
IMy'+OMYe® 
MAOW 


IMy'EMH® 


s] 


MAOW 
IMy'7@Me® 
MAOW 


IMY'LMY® 


2 
2 


MAOW 
IMy'OMH® 


MAOW 


© 
J 


1 Md‘'ZMa 


MAOW 


nN 
: 


L Md ‘SMe 


© 
2 


MAOW 
1MY'SMY. 


MAOW 


0 
sr] 


LMd‘PMe 
MAOW 
1 MH'EMY 
MAOW 
1MY'ZMY 
MAOW 


1 Md‘ LMa 


MAOW 
-MH'OMY 


MAOW 


OMY®'91 
spPe MAO 
oMmy'9 LP 
+9d® MAOW 
OMd'ZMe + 
IMy® MAOW 
OMd'ZMY + 
omu® MAOW 
OMu'9 1p + 
emMy® MAOW 
OMY'9IP + 
zMY¥® MAOW 
OMH'9IP + 
IMy® MAOW 
OMu'aip + 
oMy® MAOW 
OMU'SP + Z 
My® MAOW 
OMY'8P +9 
My® MAON 
OMU'eP +S 
MY® MAON 
OMU'sP +> 
MYy® MAOW 
OMU'8P + & 
My® MAON 
OMU'sP +z 
MY® MAON 
OMU'SP + 
My® MAOW 
OMU'8P +0 


MY® MAOW 


OMY'+EMYH® 


OMy'+zMe® 
MAOW 
OMy'+ LM ® 
MAOW 


OMY'+0MH® 


= 


OMy'EMY® 
MAOW 
OMy‘2ZMe® 
MAOW 
OMY’ IMY® 
MAOW 

OMY OMY® 
MAOW 
OoMd'ZMY 
MAOW 
OMY'9MY 
MAOW 
OMu'SMY 
MAOW 
OMu'PMY 
MAOW 
OMd'eMY 
MAOW 
OMu'2My 
MAOW 


OMe MY 


MAOW 
OMY'OMY 


MAOW 


u 
4 


2 
= 


< qQ 2 
+ ¥ ? 
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Appendix 


EMBEDDED IN TOMORROW 


wea CYPRESS 


t byte = 7Ey) 


ion (firs 


i, ea instructi 


Table 37-45. XCH R 


gape 


‘Ld HOX 


91P + Od® 
‘Ld HOX 
LM + LMY® 


“Ld HOX 


ZMd + OME® 
‘Ld HOX 

gip + EMY® 
‘Ld HOX 


VOIP + eM 


“Ld HOX 
gIP+ LMY® 
‘Ld HOX 
gLP + OMY® 
‘Ld HOX 
P+ LMY® 
‘Ld HOX 

8p +9MyHO 
‘Ld HOX 

8p + SmMu® 
‘Ld HOX 

8p + p~MY® 
‘Ld MLON 
gp + EMO 
‘Ld MLON 
8p + zmMu® 
‘Ld HOX 

ap + IMY® 
‘LY MLON 
8P + OMHO® 


‘Ld HOX 


lee 


+EMyO'LY 
HOX 
+2MYO'LY 
HOX 
+IMYd@'ZY 
HOX 
+OMYO'LY 
HOX 
EMYO'LY 
HOX 
ZMYO'LY 
HOX 
IMYd@'2y 
HOX 
OMYO'LY 
HOX 

2y'28 
HOX 

9u'2y 
HOX 

Su'Ly 
HOX 

Las WAs) 
HOX 

eu'2y 
HOX 

2u'Ze 
HOX 

ty‘dy 
HOX 


ou'2Y 


x 
SG 
x 


guppe 
‘9d HOX 
91P+9d® 
‘9H HOX 
ZMH + LMe® 
‘9d HOX 
ZMd + OMEO 
‘9d HOX 

9LP + EMuO 
‘9H HOX 
v'9IP +ZM 
‘9d HOX 

9LP + LMY® 
‘9d HOX 

9LP + OMUO 
‘9d HOX 

ap + ZM® 
‘9d HOX 

p+ 9mu® 
‘9H HOX 


8p+smu® 


0 
s] 


‘9H HOX 
8P+ pMY® 
“9H HOX 
p+ EMO 


‘9H HOX 


2 
2 


8p+zmu® 
‘9H HOX 
ap+ LMY® 
“9H HOX 
8P + OMY 


‘9H HOX 


x 
S 
4 


+£MuO'9Y 
HOX 
+2MYO'9Y 
HOX 
+1Mu®'9Y 
HOX 
+0MuO'9H 
HOX 
EMYO'9Y 
HOX 
ZMYO'9Y 
HOX 
LMy@'9y 
HOX 
OMYO'9Y 
HOX 
2u'ou, 
HOX 
9u'9y 
HOX 
SY'9u 
HOX 
pu'od 
HOX 
eu'oy 
HOX 
ey'9y 
HOX 
+Y'OH 
HOX 


ou'9u 


gape 
“Sy HOX 
91p + 9d® 
“SH HOX 
AMY + LME® 
“gu HOX 
ZMe + OMEO 
“sy HOX 
91p + emy® 
“SH HOX 
V'9LP+ZM 
“gu HOX 
91P + LMY® 
“Sy HOX 
91P + OMY® 
“SH HOX 

8p + ZMY® 
“Sy HOX 

8p + 9MY® 
“su HOX 

9p + SMu® 
“Sy HOX 

8p + MYO 
“gu HOX 

8p + EMY® 
“sy HOX 

gp + zmu® 
“Sy HOX 

8p + IMu® 
“gu HOX 

8p + OMY® 


“GH HOX 


x 
S 
x 


+8MYO'SH 
HOX 


+@MYO'SH 


+omuO'SH 
HOX 
EMYO'SY 
HOX 
z2MyO'SY 
HOX 
ImMuO'sy 
HOX 
OMY®@'SH 
HOX 
2u'Sd 
HOX 
9u'SH 
HOX 
SY'SH 
HOX 
yYy'sd 
HOX 
eu'sy 
HOX 
eu'Su 
HOX 
Hy'sy 
HOX 


0u‘SH 


glppe 
‘yd HOX 
91P + 0d® 
‘yd HOX 
ZMd + MYO 
‘bY HOX 
2M + OMEO 
‘yd HOX 
g1P + MUO 
‘py HOX 
VoIP +ZM 
‘py HOX 
g1P + MYO 
‘yd HOX 
9LP + OMYO 
‘yp HOX 

8p + LMY® 
“vd HOX 

gp + 9MY® 
“yd HOX 

gp + sMY® 
“yp HOX 

8p + MYO 
‘py HOX 

gp + eMy® 
“yd HOX 

gp + zmu® 
“pH HOX 

8p + MYO 
‘pd HOX 

gp + oMY® 


‘vd HOX 


£ 
is) 
x 


+€MuO'Pd 
HOX 
+2MdO'PH 
HOX 
+1Mu@ ‘bd 
HOX 
+0MYO ‘by 
HOX 
EMYO'rH 
HOX 
z@Mu@'rd 
HOX 
LMy®'ry 
HOX 
OMYO'rH 
HOX 

Lu‘vd 
HOX 

9u'Pd 
HOX 

Su‘py 
HOX 

bd'bd 
HOX 

u'r 
HOX 

eu'Pd 
HOX 

typ 
HOX 


Ou'PY 


gape 
‘ey HOX 
91P + Od® 
“ee HOX 
ZMd + LMY® 
“ed HOX 
ZM¥ + OME 
‘ey HOX 
91p + EMUO 
‘ey HOX 
v'9Lp + zm 
“ed HOX 
g1P + LMY® 
‘ey HOX 
91P + OMU® 
“ey HOX 

8p + LMU® 
‘ey HOX 

8p + 9MU® 
“ee HOX 

9p + SMu® 
‘ey HOX 

8p + MEO 
‘ey HOX 

8p + EMU 
“ee HOX 

ap + zmd® 
‘ey HOX 
p+ IMY® 
“ed HOX 

8P + OMU® 


“ed HOX 


2 


+emuO'ed 
HOX 
+2MY@' EY 
HOX 
+1MuO'ed 
HOX 
+OMuO'ed 
HOX 
EMYO'eY 
HOX 
zMuO'ed 
HOX 
lMuO'ed 
HOX 
OMYO'EH 
HOX 

2u'ed 
HOX 

gu'ed 
HOX 

su'ed 
HOX 

Pu'ed 
HOX 

eu'ed 
HOX 

2y'ed 
HOX 

HY'ed 
HOX 


Oued 


x 
iS) 
x 


glappe 
‘td HOX 
91P + Id® 
‘td HOX 
ZMd + LMYO 
‘td HOX 
2M + OMEO 
‘td HOX 
g1p +eMuO 
‘td HOX 
voip + zm 
‘td HOX 
91P + MYO 
‘td HOX 
91P +OMYO 
‘td HOX 

ap + LMY® 
‘td HOX 

8p +9MY® 
‘td HOX 

ap +sMu® 
‘td HOX 

8p + >MU® 
‘@d_ HOX 

gp + eMy® 
‘td HOX 

gp +zmu® 
‘td HOX 

8p + LMY® 
‘td HOX 

gp +OMY® 


‘@d HOX 


x 
S 
4 


+8mMuO'2d 
HOX 
+2@MYO'2Y 
HOX 
+iMuO'2y 
HOX 
+omuO'2d 
HOX 
EMYO'2Y 
HOX 
ZMyO'2u 
HOX 
LMy®'2y 
HOX 
OMYO'2Y 
HOX 

2u'2y 
HOX 

9u'zy 
HOX 

su‘2y 
HOX 

Pye 
HOX 

eu'zy 
HOX 

eyed 
HOX 

HY'2y 
HOX 


ou'ed 


guppe 
“Ly HOX 
91P + dO 
“Ly HOX 
2M + MEO 
“Le HOX 
2M + OMEO 
“Ly HOX 
91p + eMuO 
“LY HOX 
v'9IP + 2M 
“Le HOX 
91P + LME® 
“Ly HOX 
91P + OMYO 
“LY HOX 

8p + ZMY® 
“Ly HOX 
8p + MUO 
“Ly HOX 
8p + SMY® 
“LY HOX 

8p + MEO 
“Lu HOX 
8p + EMU® 
“Ly HOX 

gp + zmu® 
“Ly HOX 
8p + LME® 
“Le HOX 
8p + OMY® 


“Ld HOX 


x 
S 
x 


+£Mu@' LY 
HOX 
+2MYO'LY 
HOX 
+1Mu®' Le 
HOX 
+OMUO' LH 
HOX 
EMY@' LY 
HOX 
@MY®' LY 
HOX 
IMO ' Le 
HOX 
OMY®@' LY 
HOX 

Zyl 
HOX 

oul 
HOX 

Su'Ly 
HOX 

pul 
HOX 

ely 
HOX 

ey’ ly 
HOX 

ty bd 
HOX 


OW’ LY 


glippe 
‘Od HOX 
91p + 9d® 
‘0d HOX 
2M + LME® 
‘Od HOX 
ZMd + OME 
‘0d HOX 
91p + EMUO 
‘0d HOX 
V'9LP+ZM 
‘od HOX 
91P + IMY® 
‘0d HOX 
91P + OMYO 
‘0d HOX 

8p + ZMY® 
‘Od HOX 

8p + 9MY® 
‘0d HOX 

9p + SMu® 
‘Od HOX 

8p + MUO 
‘od HOX 

gp + eMY® 
‘Od HOX 

gp + zmu® 
‘OW HOX 

8p + tMu® 
‘od HOX 

8p + oMY® 


‘OW HOX 


2 


+emMu@ ‘0d 
HOX 
+@MYO'0Y 
HOX 
+iMy® ‘Ou 
HOX 
+omu®'Ou 
HOX 
EMY®O'0Y 
HOX 
z@My®'04 
HOX 
IMyO'Ow 
HOX 
OMY®'0Y 
HOX 

2y‘0d 
HOX 

9u‘0H 
HOX 

Sy‘0W 
HOX 

yy'0d 
HOX 

eu‘0W 
HOX 

2y'0H 
HOX 

+Y'0U 
HOX 


0u‘0u 


x 
SG 
x 


+ + + + + 
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Table 37-46. XCHW RWi 


gLappe 

“LM MHOX 
9IP + Od® 
*LMY MHOX 
LMY + LMY® 
*LMd MHOX 
Md + OMY® 
“LM MHOX 
91P + EMO 
“LM MHOX 
g1P + ZMH® 
‘LM MHOX 
9IP+ LMY® 
“LMY MHOX 
9LP + OMY® 
“LM MHOX 
8p +LMY® 
‘LM MHOX 
P+ 9mMu® 
“LM MHOX 
8p + SMH® 
“LM MHOX 
8P + PMy® 
“LM MHOX 
EP +EMy® 
“LM MHOX 
8p +ZMH® 
“Md MHOX 
P+ LMY® 
*LMY MHOX 
P+ OMu® 


*£MY MHOX 


+EMeO 


*LMd MHOX 


+ZMeHO 


cd 


“LM MHOX 
+1LMe® 


‘LM MHOX 


+0MY® 


“LMH MHOX 
eMYyO'ZMY 


MHOX 


2MY®'LMY 


MHOX 


1MY®'ZMY 


MHOX 
OMYO ‘LM 


MHOX 


ZMu'ZMde 


K 
F 


MHOX 
9Mu'ZMd 


MHOX 


SMu'ZMH 


MHOX 


My‘ 2M 
MHOX 
e€My'ZMd 
MHOX 
@Mu'ZMd 
MHOX 
1Mu'ZMY 
MHOX 
OmMy'ZMd 


MHOX 


9Lppe 

“9M MHOX 
9LP + Od® 
“9MY MHOX 
LMd + IMHO 
“9MY MHOX 
ZMd + OME® 
“9M MHOX 
9LP + EMH® 
“9MY MHOX 
9LP+ZMy® 
“9Md MHOX 
9LP + LMY® 
“9MH MHOX 
9LP +OMYO 
“9MH MHOX 
8P + 4MY® 
“OMY MHOX 
p+ 9Mu® 
“9MY MHOX 
8P + SMYH® 
“9MY MHOX 
8P + MYO 
“OMY MHOX 
8P + EMe® 
“9MY MHOX 
8P + ZMY® 
“9MY MHOX 
P+ IMY® 
“9M MHOX 
8p +OMu® 


“9M MHOX 


+EMeO 
‘9M MHOX 
+2Me® 
'9MY MHOX 
+1Me® 
‘9M MHOX 
+OMe® 
‘9M MHOX 
eMYdO'9My 


MHOX 


ZMYO'9MY 
MHOX 
LMY®'9MY 
MHOX 
OMYO'9My 
MHOX 
ZMY'9Me 
MHOX 
9Mu'9MY 
MHOX 
SMY'9MY 
MHOX 
~MY'9MY 
MHOX 
£Mu'9MY 
MHOX 
2@MY'9MY 
MHOX 
1My'9M4 
MHOX 
OMY'9MY 


MHOX 


gLappe 

“GM MHOX 
91P + Od® 
“GMY MHOX 
LMY + IMY® 
“SMY MHOX 
ZMH + OMHO 
“GM MHOX 
9LP + EMO 
“GMY MHOX 
9LP + ZMH® 
“SMH MHOX 
91P + IMY® 
“GMY MHOX 
9LP + OMHO 
“GMY MHOX 
8P + 4MY® 
“SMH MHOX 
p+ 9Mu® 
“GMH MHOX 
8P + SMH® 
“GM MHOX 
8P + Me® 
‘SMH MHOX 
8P+EMe® 
“GMH MHOX 
8P + ZMHO 
“GMd MHOX 
P+ IMY® 
“GMY MHOX 
8p +OMu® 


“GMY MHOX 


+EMe® 
“SMH MHOX 
+2MeO 
“GMH MHOX 
+LMY®'SM 
SMd MHOX 
+0OMYO'SM 
“SMH MHOX 
eMYO'SMY 
MHOX 
@MYO©'SMY 
MHOX 


IMY®'SMY 


MHOX 
OMYO'SMY 


MHOX 


ZMu'SMY 
MHOX 
9My'SMY 


MHOX 


SMY'SMY 


MHOX 


Mu'SMY 
MHOX 
&Mu'SMY 
MHOX 
2@Mu'SMY 
MHOX 
1Mu'SMY. 
MHOX 
OoMd'SMY 


MHOX 


gtappe 

“pM MHOX 
9LP +Od® 
“yMe MHOX 
LMd + LMH® 
“pM MHOX 
ZMd + OMH® 
“‘yMd MHOX 
9IP+EMuO 
“MY MHOX 
91P+ZMe® 
“yMd MHOX 
LP + LMY® 
“yMH MHOX 
91P +OMHO® 
“yMd MHOX 
8p + ZMY® 
“yMd MHOX 
ep + 9MHO 
“~MY MHOX 
8P+SMH® 
“MY MHOX 
8P + PMH® 
“yMd MHOX 
P+ eEmMy® 
“~MY MHOX 
8p +ZMH® 
“yMe MHOX 
ep + IMY® 
“yM MHOX 
8p + OMY 


“yMH MHOX 


+EMyu® 
“pM MHOX 
+2ZMHO 
“yMY MHOX 
+1MeY® 


“pMd MHOX 


= 


+OMy® 


+ 


“yMH MHOX 
eMYyO'PMY 


MHOX 


2 


2MYO'*My 
MHOX 
LMYO©'PMY 
MHOX 
OMY®O'PMy 
MHOX 
ZMd‘yMd 
MHOX 
9Mu'PMd 
MHOX 
SMP Md 
MHOX 
yMd'yMd 
MHOX 
Muy 
MHOX 
2M ‘PMY 
MHOX 
1M PMY 
MHOX 
OMY'>Me 


MHOX 


guppe 

“EMH MHOX 
91P + Od® 
“MY MHOX 
ZMH + IME® 
“eMY MHOX 
ZMd + OME® 
“EMH MHOX 
9LP + EMHO 
“EMH MHOX 
9LP + ZMH 
“eMd MHOX 
91P + IMY® 
“EMH MHOX 
9LP + OMHO® 
‘EMH MHOX 
8p + MYU® 
“eMd MHOX 
8p + 9MHO 
“EMH MHOX 
8p + SMH® 
“EMH MHOX 
8P + PMY® 
“eMd MHOX 
ep +EmMu® 
“EMH MHOX 
8p + ZMH® 
“EMH MHOX 
ep + IMY® 
“EMY MHOX 
8P + OMY 


“EMH MHOX 


+EMeU® 
“EMH MHOX 
+ZMeHO 
€MY MHOX 
+1LMe® 
“eMu MHOX 
+OMe® 
“EMH MHOX 
eMYO'EMY 
MHOX 
ZMYO'EMY 
MHOX 


IMY®"EMY 


@ 
cf 


MHOX 
OMYO'EMY 


MHOX 


2 
od 


ZMy'eMY 
MHOX 
9Mu'EMY 
MHOX 
SMY'EMY 
MHOX 
pMY'EMY 
MHOX 
EMu'EMY. 
MHOX 
@Mu'EMY 
MHOX 
IMY'EMY, 
MHOX 
Omy'eMY 


MHOX 


9Lppe 

“2M MHOX 
9LP + Od® 
“MY MHOX 
LMY + LMYH® 
‘2M MHOX 
Md + OMH® 
“ZMH MHOX 
9p + EMHO 
‘MY MHOX 
91P + ZMe® 
‘ZMd MHOX 
gIP+ LMY® 
‘MH MHOX 
9LP + OMHO 
‘MH MHOX 
8p +LMY® 
‘EMd MHOX 
P+ 9mMu® 
‘MY MHOX 
8p +SMH® 
‘MY MHOX 
8P+PMy® 
‘ZMd MHOX 
P+ EMy® 
‘@MY MHOX 
8p +ZMH® 
‘2M MHOX 
P+ LMY® 
‘MY MHOX 
P+ OmMu® 


‘MH MHOX 


+€MHO 
‘@Md MHOX 
+7Md® 
‘Me MHOX 
+IMH® 
‘@Md MHOX 
+0Me® 
‘@Md MHOX 
eMYdO'2My 
MHOX 


ZMYO'ZMy 


MHOX 
LMY©'2My 
MHOX 
OMYHO'2MY 
MHOX 
ZMY'ZMe 
MHOX 
9MY'ZMa 
MHOX 
SMY'2MY 
MHOX 
~MY'ZMY 
MHOX 
Mu '2My 
MHOX 
2@My'2MY 
MHOX 
1My'2My 
MHOX 
OMY'ZMd 


MHOX 


gLuppe 

“LM MHOX 
9LP + Od® 
“LMY MHOX 
LMd + IMHO 
“LMd MHOX 
ZMd + OME® 
“LM MHOX 
9LP + EMH® 
“LMY MHOX 
91P +ZMyu® 
“LMd MHOX 
91P + LMY® 
“LM MHOX 
9LP + OMH® 
“LM MHOX 
8p + LMY® 
“LMd MHOX 
8p + 9MUO 
“LMY MHOX 
Pp + SMH® 
“LMY MHOX 
8P + MYO 
“LMY MHOX 
8P + EMO 
“LMY MHOX 
8p + ZMH® 
“LM MHOX 
8p + IMHO 
“LM MHOX 
Pp + OMU® 


“LM MHOX 


+EMHO 
“LMH MHOX 
+2MeO 
“LMY MHOX 
+1MH® 
“LMd MHOX 
+OMe® 
-MY ~MHOX 
eMYd@' |My 
MHOX 
ZMYO'L MY 
MHOX 
LMYO®'LMY 
MHOX 
OMYO'LMY 
MHOX 
ZMd' LM 
MHOX 
OMY LM 
MHOX 
SMd'LMH 
MHOX 
Md LM 
MHOX 
Md LMY 
MHOX 
2@Md' MY 
MHOX 
1Mu'LMY. 
MHOX 
OMY MY 


MHOX 


9Lppe 

‘OMY MHOX 
9LP +Od® 
“OMY MHOX 
LM + IMY® 
“OMY MHOX 
ZMd + OMHO 
“OMY MHOX 
9IP + EMO 
“OMY MHOX 
91P + ZMH® 
“OMY MHOX 
gIP+ LMY® 
“OMY MHOX 
9IP + OMY® 
‘OMY MHOX 
8p + LMY® 
“OMY MHOX 
ep + 9My® 
“OMY MHOX 
8p + SMH® 
“OMY MHOX 
8P + PMY® 
“OMY MHOX 
BP + EMO 
“OMY MHOX 
8p + ZMHO 
“OMY MHOX 
8p + IMY® 
“OMY MHOX 
8p + OMY® 


“OMY MHOX 


+EMeu® 
OMY MHOX 
+2MuO 
OMY MHOX 
+1LMe® 
OMY MHOX 
+OMe® 
OMY MHOX 
eMYO'OMY 
MHOX 
ZMY®'0MY 
MHOX 
IMY@'OMY 
MHOX 
OMHO‘OMY 
MHOX 
ZMu'0MY 
MHOX 
9My'OMY 
MHOX 
SMY'OMY 
MHOX 
MY 0MY 
MHOX 
&Mu'OMY 
MHOX 
2@My' OMY 
MHOX 
-My'OMY. 
MHOX 
OMY OMY 


MHOX 
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= 


37.3. Timing Diagrams in Flash Memory Mode 


Each timing diagram for the external pins of the Flash devices in MB96300 Super series during Flash Memory mode is shown 


below. 


Data read by read access 


Figure 


37-27. Timing diagram for read access 


rr re 


i] I 
AQ16 to AQO Address stable 


High 


: 1 impedance 
007 oor Hoh impedane <((( SE 9)» 


MB96300 Series Hardware Manual, Doc. No. 002-19737 Rev. ** 


805 


Su CYPRESS 


Appendix “ae” «= EMBEDDED IN TOMORROW 


Write, data polling, read (WE control) 
Figure 37-28. Write, data polling, read (WE control) 


Third bus cycle 
1 an 1 Data polling 1 1 


5.0 V 


PA: Write address 

PD: Write data 

DQ7: Reverse output of write data 
Doyt: Output of write data 


Note: 


The last two bus cycle sequences out of the four are described. 
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Write, data polling, read (CE control) 


Figure 37-29. Timing diagram for write access (CE control) 


Third bus cycle 
1 1 1 Data polling 


AQ18 to AQO 


1 
~—I I tcpH" I 
1 tws. l ' ! 
1 b> toy I 
2a (a7 KX Po) 
tpg <>! 


5.0 V 


PA: Write address 

PD: Write data 

DQ7: Reverse output of write data 
Dour: Output of write data 


Note: 


The last two bus cycle sequences out of the four are described. 
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Chip erase/sector erase command sequence 


Figure 37-30. Timing diagram for write access (chip erasing/sector erasing) 


AQ18 
to TAAAA 755554 TAAAA TAAAA, 755554 YD 
AQO. 


Tas mo TAH 1 
——$ S| 


1 taHwe os 1 1 


Note: 


SA is the sector address at sector erasing. 7AAAA,, (or 6AAAA,,) is the address at chip erasing. 
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Data polling 
Figure 37-31. Timing diagram for data polling 


1 tcH ; 
I 1 ‘ l 

= ! l 

CE I ys \ /. 
I 1 I 1 
I 1 toes ne—lprF—} 
I 


| 
i] 
I 
WE 1 ! t 
—_—/ | —— \. 
I : ae. High 


I twHwH1 OF I 
——_—_—_—————— 


' twHwH2 : 
DQ6 to DQO CLEC DQ6 to DQO = Invalid Yo P10 020 “RANA 
ANAS = Valid data £f ff 


' toe 


Note: 


DQ7 is valid data (The device terminates automatic operation). 


Toggle bit 
Figure 37-32. Timing diagram for toggle bit 


i] 
I i] 
= = : DQ7 to 
Data (DQ7 to DQO) DQ6 = Toggle DQ6 = Toggle DQ6 = Stop toggling DQO = Valid 
1) 
as | 


"tog! 


Note: 


DQ6 stops toggling (The device terminates automatic operation). 
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RY/BY timing during writing/erasing 
Figure 37-33. Timing diagram for output of RY/BY signal during writing/erasing 


a 


= Rising edge of last write pulse 


I 
Me Cy ee se ee er or erasing 


I 
I —_—_" 
I 


RY/BY , \ / 
I 


RST and RY/BY timing 
Figure 37-34. Timing diagram for output of RY/BY signal at hardware reset 


! 
— tReady — 
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Enable sector protect/verify sector protect 
Figure 37-35. Enable sector protect/verify sector protect 
AQ18 to AQ9 : SA, SA, 


I 
AQ8, AQ2, and AQ1 \ (AQ8, AQ2, AQ1) = (0, 1, 0) 


DQ7 to DQ : 


SA,: First sector address 
SAy: Next sector address 
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Temporary sector protect cancellation 


Figure 37-36. Temporary sector protect cancellation 
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L-——ly_ ht —>1«+——. Write/erase command sequence—>" 
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37.4 Revision History 
Revision [Date | CMifcation 


Added MB96F348R/Y, MB96F348H/T 

Table 1.2-1 "Product Lineup" 

Figure 1.6-2 "Pin assignment of MB96(F)34x (QFP package)" 
4 2006-08-04 Figure 1.6-3 "Pin assignment of MB96(F)34x (LQFP package)" 

Table 1.8-1 

Table 1.14-1 

APPENDIX A "I/O Map of MB96V300" 


Added Flash memory control signal AQ19 to AQ21 
4 2006-08-04 Table 1.8-1 "Flash memory control signals MB96F34X"to 
Table 1.8-4 "Flash memory control signals MB96F38X" 
4 2006-08-04 Changed description of Flash programming to be compliant with MBM29LV200 description 
Table 34.5-1 
Corrected number of USARTs in product line-up 
2006-08-07 Table 1.2-1 
Table D-2 "Interrupt vector table MB96(F)34x" 
iss 2006-08-07 Corrected availability of Satellite Flash memory interrupt 
Corrected number of SMC channels in MB96F38x. 
5 2006-08-08 ; 
Table 1.2-1 "Product Lineup" 
Corrected description of Free Running Timer: software clear and clock selection. 
5 2006-08-08 Figure 15.3-1 "16-bit Free-Running Timer block diagram" 
Table 15.3-2 
Corrected description of OCU on MB96F38 
5 2006-08-08 . a 
Table 1.12-2 "Connection between Output Compare Units and Free Running Timers" 
2006-08-08 Added note, that port input is disabled when MCU enters Stop or Timer mode. 
Section 14.2.4 "Port Input Enable Register (PIERnn)" 
is «dt 20086- 08-08 Added CHAPTER 8 "CLOCK MODULATOR" 
Corrected description of USART Baud Rate Generator 
2006-08-08 ; : 
Figure 21.4-8 "Baud rate generator register (BGRn)" 
Added description of USART ECCR:INV bit. 
5 2006-08-08 ily sed 
Section 21.4.6 "Extended Communication Control Register (ECCRn)" 
Added detailed description of reset cause for each register. 
Section 25.2 "Real Time Clock Registers" 
5 2006-08-10 Sues 
Added description of WOT pin function 
Figure 25.3-2 "WOT pin operation" 
Corrected Sound generator description 
2006-08-10 Figure 29.1-1 "Block diagram of Sound Generator" 
Figure 29.2-2 "Configuration of the Sound Generator Control Register (SGCRHn)" 
Is 2006-08-10 Corrected Alarm comparator mode description 
5 2006-08-11 Corrected Stepping Motor Controller description 
28.6 "PWM1 and PWN2 Selection Registers (PWS1n, PWS2n)" 
USART chapter: corrected some formatting issues. 
5 2006-08-14 Corrected description of ESIR:AICD bit 
Table 21.4-4 "Configuration of the extended status/control register (ESCRn)" 
Changed naming: fixed vector mode -> internal vector mode 
CHAPTER 2 "CPU" 
5 2006-08-14 
CHAPTER 9 "RESETS AND STARTUP" 
CHAPTER 13 "EXTERNAL BUS INTERFACE" 


Added explanation of USART ESIR:AICD. 
2006-08-18 
CHAPTER 21 "USART" 
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Changed Alarm comparator input pin name to ALARMn. 
Figure 20.1-1 "Block diagram of Alarm Comparator" 


Corrected pin-out of MB96(F)36x, pin 35, 36 
2006-08-21 Figure 1.6-5 "Pin assignment of MB96(F)36x" 
Table 1.8-1 
2006-08-21 Corrected product again feature CAN, part numbers. 
Table 1.2-1 "Product Lineup" 


Corrected reset value of PLLCR 


2006-08-18 


2006-08-21 . : ; , 
Figure 6.2-6 "Configuration of the PLL Control Register (PLLCR)" 


2006-08-22 Added RTC for MB96(F)34x 


Changed max. operation frequency to 56MHz 
MB96F38x: - added two additional UARTs, added 1ch SG, added 4ch ICU 


ie =——s—~*=éii 2006-10-06 CS Flash: table with recommended setting changed 

6 2006-10-09 ___registername changed of CANx output enable register 
6 | 2006-10-16 | Overview: INTxR renamed to INTx_R, INT3_R1 addedto allCantrol Pin assignments | 
6 2006-10-16 | Overview: 10 circuit types corrected according to DS: 4mA > 5/2mA, [20 cell added with amA | 


RTC: Corrected bit position description of register WTCKSR. 
7 2006-11-08 Figure 25.2-1 "Real Time Clock registers" 
Figure 25.2-4 "Clock Select Register (WTCKSR)" 


7 2006-12-05 External bus: Setting the clock to inactive level during external bus pause is possible only for divided ECLK 
clock (DIV[2:0]#"000") 


Added USART 7_R, 8_R, RTC for MB96F35x 
T 124" F " 
7 2006-12-11 a e Eromiet Mueue 
Figure 1.6-4 "Pin assignment of MB96(F)35x" 
Table 1.8-1 
Cc Kk if MB96F i line-up. 
7 2006-12-11 orrected package hype fo) 96F35x in product line-up 
Table 1.2-1 "Product Lineup" 
Flash ch istics i line-up. 
7 Bose ea Corrected Flash c BiapieNstice in product line-up 
Table 1.2-1 "Product Lineup" 
Ri i ith | han 128kB ROM/Flash. 
2006-12-12 emoved devices wit! leet an 128 OM/Flas 
Table 1.2-1 "Product Lineup" 
9s 2006-12-13 Changed external bus i/f naming ADO - AD9 -> ADO1 -> ADO9, AO - AQ -> A00 -> A09. 
2007-01-22 Changed Figure 28.2-1 "Overview of the Stepping Motor Controller registers". 
2007-02-12 Corrected "Interrupt vector table MB96(F)32x" 


2007-02-12 Corrected "Interrupt vector table MB96(F)38x" 
2007-02-12 Added MB96384 in product line-up Table 1.2-1 "Product Lineup" 


Added ADC reference voltage switching in Table 1.2-1 "Product Lineup", Table 1.8-1, Table 1.8-2, block dia- 
grams and CHAPTER 19 


2007-02-12 Updated Table "MB96300 I/O map" 


Added MB96F348TSB/HSB/TWB/HWB and made corresponding changes for MB96F348TSA/HSA/TWA/ 
11 2007-03-08 HWA 


Added chapter CHAPTER 7 "VOLTAGE REGULATOR CONTROL" 
Added 1.9V operation in CHAPTER 34 "FLASH MEMORY". 
11 2007-04-02 Added register VRCR in APPENDIX A "I/O Map of MB96V300". 
Introduced consistent naming of resources in APPENDIX A "I/O Map of MB96V300". 
Made revision history a separate chapter (removed it from APPENDIX). 
ehangee description of ne Nae at EDSU:TIE bit from ’X’ to 0’. 

Figure 32.2-4 "EDSU extension register (EDSU)" 


2007-04-13 Removed Jump Queue from chapter 2.1. "Outline of the CPU". 


Removed sentence in CAN chapter 23.3 "Register Description" that IF data registers are provided big 
11 2007-04-13 . : : 
endian and little endian. 
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| Revision | Date Modification 
2007-04-13 Corrected Figure 16.2-1 "16-bit Reload Timer register" grouping of TMR register. 


Removed some sections in chapter 1, which are described in datasheet: 
Block diagram of Flash/Mask ROM MCU 
Pin assignment drawings 
1 2007-04-17 Pin function description 
/O cell type 
Handling devices 
Flash memory interface port connection 


SMC update, EDSU2 add-on, corrections in External Bus register description 
2007-06-16 


2007-08-06 Overview: corrected address of PRRR@ in | Overview: corrected address of PRRAQinfigure1.44-10 1.14-10 


Overview: change block diagram to include USB and CLKP3. Super series lineup table update 
clocks: Add CLKP3 information 
2007-09-28 : : ; 
Clock ouput function: Add CLKP3 information 
USB chapter modified. 


Overview modified to include CLKP3 clock domain and MB96330 series. 
Chapter 10 updated to include some small corrections and improvements of the regulator control description. 
New USB chapters. 
Fig 21.4-8 BGR has 15bits not 14 as previously described. 
Chapter 10: typos error corrected. 
IOPORT chapter: precision added for PSR and PDR regarding the IER settings. 
2007-11-20 Flash chapter: table 34.4-1: table title corrected in content and layout. Note on DQ2 bit added. Flash pro- 
gramming example added 
Mask-ROM Interface chapter added 
Relaod Timer chapter: TIN pulse length corrected 
ROM/Flash security chapter modified to include ROM security features. typo corrections. 
USART: correction in SCDE bit description. Cross-reference added. Typos 
SMC. typos corrections. 
Annex: IOMAP modified to include GPIO18 &19. 
Overview: Extended and updated features, updated block diagram. 
DMA: Corrected initial value of DISELx registers. 
Flash/ROM: Changed register naming. 
Watchdog: Changed interval times. 
2008-02-01 nen F 
LCD: Removed limitation of COMEN setting 
CAN: Fixed initial value of IF2MSK2Hn register. 
USART, I2C, Soundgenerator: Fixed initial value shading of registers. 
Fixed several typos. 
DMA: Added description of IOABK register 
Source Clock Timers: Added handling note for interrupt flags 
ADC: Fixed description of PAUS bit and conversion data protection function 
2008-11-07 Real Time Clock: Fixed sample values 
USB: Reworked entire chapter 
Flash: Added Data Flash descriptions 
ROM/Flash Security: Added Data Flash descriptions 
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